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Summary 
The main cause of salt accumulation problem in northeast of Thailand comes 
from the rock salt stratum, called Mahasarakam formation, laying under soil surface 
at 100 to 200 m deep. Salt components rising is associated with soil water rise to 
ground surface. Moreover, the expanding of salinization is accelerated by 
deforestation. Recently, salt affected area covers 2.85 million hectares or around 17% 
of total area of the region. In Khon Kaen province, salt affected soil covers around 
10.85% of the province. Among the several practices for controlling saline 
groundwater level in order to mitigate salt accumulation, reforestation is 
recommended to local villagers as it is applicable, simple and effective method. 
However, low economical return is constraint that makes villagers not grow more 
trees in salt affected areas. Accordingly, attention has been paid to agro-forestry 
system that combined salt tolerant trees with salt tolerant or halophyte vegetables in 
northeastern Thailand.  
The objective of this study was to propose applicable agro-forestry systems in 
salt affected soils of northeastern Thailand. Following are the researches which were 
implemented in this research. 
1. Overview on researches and development projects for rehabilitating salt 
affected soils in the study area  
Many researches and development projects have been conducted in Phra Yun 
district of Khon Kaen province since 1988. There were 18 development projects 
conducted by the Land Development Department of Thailand since 1999 to the 
present. Furthermore, 2 long term projects of Japan International Cooperation 
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Agency (JICA) had been implemented in this area from 1988 to 1993. The contents 
of those projects included; introducing salt tolerant rice species to farmers, increasing 
rice productivity by organic fertilizer and green manure application, constructing 
groundwater drainage system, constructing polder system for controlling 
groundwater and surface water as well as eliminating soil salinity inside the system, 
promoting salt tolerant trees and halophyte grasses in severely salt affected areas, in 
addition planting fast growing trees in recharge zones for preventing salinization. 
Although many projects have been conducted in Phra Yun district, few reports dealt 
with the effects of the projects implemented on eliminating salinization or current 
situation of salt accumulation. 
2. Comparison in chemical properties of soils in reforested and bare areas 
After many researches and 18 development projects had been implemented in 
the study area, the current situation of soil chemical properties in Eucalyptus 
(Eucalyptus camaldulensis) and Acacia (Acacia ampliceps) reforested and adjacent 
bare areas were investigated. Soil profile surveys were conducted and soil samples 
were also collected to analyze their physical and chemical properties. EC1:5, sodium 
and calcium concentrations of soils in the reforested areas were significantly smaller 
than that in adjacent bare areas at 99% or 95%. EC1:5 in the top soil of Eucalyptus 
reforested area was the lowest at 0.01985 mS/cm and the highest was the top soil of 
bare area adjacent to Eucalyptus at 20.00 mS/cm. The lowest sodium concentration 
was observed in the top soil of Eucalyptus reforested area at 1.84 mg/kg and the 
highest was the top soil of bare area adjacent to Eucalyptus at 21,447.86 mg/kg. The 
lowest calcium concentration was also observed in the top soil of Eucalyptus 
reforested area at 10.10 mg/kg and the highest was the top soil of bare area adjacent 
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to Acacia at 1,926.84 mg/kg. In addition, total nitrogen and total phosphorus 
concentrations of soils between reforested and adjacent bare areas were significantly 
different at either 95% or 99%. The highest total nitrogen concentration at 522.89 
mg/kg was found in the top soil of Acacia reforested area. The total phosphorus 
concentrations found in the 4 areas were relatively low between 0.670 and 6.64 
mg/kg. It was clearly observed that the reforested areas of Eucalyptus and Acacia 
tended to be lower in electrical conductivity, sodium and calcium concentrations than 
that of adjacent bare areas. Based on the results of this chapter, it was concluded that 
the degrees of salt accumulation were still severe especially in the bare areas, 
although many researches and development projects had been implemented in the 
study area. In addition, it was confirmed that reforestation is an efficient way to 
rehabilitate salt affected soils, as EC1:5, sodium and calcium concentrations of soils in 
the reforested areas were significantly lower than that in adjacent bare areas. 
3. Evaluation on agro-forestry systems in salt affected and non-salt affected 
areas 
Low economical return is main constraint that makes farmers not grow more 
trees in salt affected areas. So, research interest was paid to the applicable agro-
forestry system combining advantages of trees and crops for rehabilitating salt 
affected soils and increasing local farmers’ income. Accordingly, existing agro-
forestry systems in salt affected and non-salt affected areas in Khon Kaen province 
were investigated and evaluated. For the evaluation, the plant profile of each system 
was described in the investigation plot at 20 m x 20 m. In addition, Simpson and 
Shannon indexes were used to evaluate plant diversity of each investigation plot.  
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Agro-forestry systems on salt affected areas can be categorized into five 
types; patch forests in farmlands, trees on paddy bunds, tree plantations associated 
with animal husbandry, home gardens and trees in vegetable gardens. On the other 
hand, agro-forestry systems in non-salt affected areas can be categorized into seven 
types; trees in farm boundaries, trees on paddy bunds, tree plantations associated 
with animal husbandry, trees in home gardens, trees in vegetable gardens, trees in 
fruit orchards and trees and aquaculture. The results of the two indexes revealed that 
the diversity of plants in agro-forestry systems in non-salt affected areas was higher 
than that in salt affected areas, except in the systems of tree plantations associated 
with animal husbandry and of trees in home gardens. It was considered that as the 
plant diversity in salt affected areas was lower than that in non-salt affected areas due 
to soil salinity, local people in salt affected areas keep higher plant diversity in the 
systems of tree plantations associated with animal husbandry and of trees in home 
gardens for their livelihoods. 
4. Application of salt tolerant and halophyte vegetables in agro-forestry 
systems for rehabilitating salt affected soils 
One of the agro-forestry systems found in the study area was tree plantations 
associated with animal husbandry. Using space between trees of Eucalyptus and 
Acacia in plantation, salt tolerant and halophyte vegetables including Chinese kale 
(Brassica oleracea var. alboglabra), tomato (Solanum lycopersicum) and purslane 
(Portulaca oleracea) were grown for 20 days within Eucalyptus and Acacia 
plantation areas during rainy and dry seasons. For comparison, salt tolerant and 
halophyte vegetables were grown in adjacent bare areas as well. The results of 
growing vegetables in rainy season showed a significant difference at 99% in crop 
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yield and survival rate between plantation and adjacent bare areas. The highest yields 
and survival rates were found in both the plantation areas of Eucalyptus and Acacia. 
The survival rates of Chinese kale, tomato and purslane grown in the Eucalyptus 
plantation area were 87.5%, 100.0% and 95.8%, respectively. In the bare area 
adjacent to Eucalyptus, only purslane could survive at 33.3%. The survival rates of 
Chinese kale, tomato and purslane grown in the Acacia plantation area were 0.0%, 
75.0% and 100.0%, respectively. However, the vegetables grown in the bare area 
adjacent to Acacia could not survive. The yields of Chinese kale, tomato and 
purslane grown in the Eucalyptus plantation area were 441.3 g/10 m
2
, 954.2 g/10 m
2
 
and 1998.8 g/10 m
2
, respectively. The yield of purslane grown in the bare area 
adjacent to Eucalyptus was 228.8 g/10 m
2
. Also, the yield of tomato grown in the 
Acacia plantation area was 390.6 g/10 m
2
, and of purslane was 350.3 g/10 m
2
. 
Accordingly, it was concluded that the growth of salt tolerant and halophyte 
vegetables including Chinese kale, tomato and purslane were the best in the 
Eucalyptus plantation area during rainy season. 
In addition, the values of EC1:5, sodium and calcium concentrations of soils in 
vegetable fields were measured before growing, 10 days and 20 days after growing 
vegetables. The results revealed that in the dry season EC1:5, sodium and calcium 
concentrations in every field at 10 days passed drastically decreased from the planted 
day due to heavy rainfalls on the 7th, 8th and 9th days. However, EC1:5, sodium and 
calcium concentrations in every field increased sharply after the 10th day till the 
harvested day. Although sodium concentrations of Chinese kale, tomato and purslane 
grown for 20 days were in the ranges of 21.0 to 22.8 mg/kg, 4.3 to 21.8 mg/kg and 
28.0 to 56.5 mg/kg, respectively, these amounts of sodium absorbed were remarkably 
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smaller than that of changes in soil sodium concentrations ranged from 733 mg/kg to 
19,700 mg/kg. Accordingly, it was evaluated that the amounts of sodium absorbed by 
salt tolerant and halophyte vegetables were negligible compared to sodium amounts 
transported by vertical soil water movement. So, it was hard to rehabilitate salt 
affected soils with cultivating salt tolerant and halophyte vegetables.  
However, it may be concluded that growing vegetables in Eucalyptus 
plantation area in rainy season is the best to get higher yields and survival rates. 
Agro-forestry system that combined fast growing trees with salt tolerant or halophyte 
vegetables can be introduced to local people in the study area to promote 
reforestation as well as to increase their income. 
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タイ国東北部の塩類集積土壌におけるアグロフォレストリーの
適用に関する研究 
 
これまでタイ国東北部において多くの塩害対策事業が実施されてきたが、
その効果の議論や塩類集積に係る現在の状況についてはほとんど報告されて
いない。そこでコンケン県プラユン地区において土壌断面調査を実施して植
林地と隣接する裸地における土壌化学性を比較した。その結果、いまだに裸
地の EC1:5 、ナトリウムおよびカルシウム濃度は高く、塩類集積問題は解決
されていないことが明らかとなった。更に、アカシアやユーカリ植林地にお
ける土壌中の EC1:5 、ナトリウム、カルシウム濃度は隣接する裸地を大きく
下回る結果となった。この結果より塩害対策における植林の有効性を確認で
きたが、植林による収益が期待できず、現地住民が植林を進める上での障害
となっている。そこで、耐塩性樹木と野菜とを組み合わせたアグロフォレス
トリーシステムに関心が注がれた。 
タイ国東北部において塩害地と非塩害地で実践されている代表的なアグロ
フォレストリーを抽出して植物多様性に基づいて比較評価した結果、放牧地
の樹木、家庭菜園として分類されたアグロフォレストリーを除けば、非塩害
地の植物多様性は塩害地を大きく上回ることが明らかとなった。塩害地では
土壌塩分濃度が高く植物多様性が低くなるため、現地住民は放牧地の樹木や
家庭菜園における植物多様性を意識的に維持していると考察された。 
そこで、塩害地で植物多様性が維持されている放牧地と樹木で構成され
ているアグロフォレストリー（ユーカリやアカシアが植林された放牧地）お
よび隣接する裸地において、雨期と乾期に渡りカイラン、トマト、スベリヒ
ユ等の耐塩性および塩生植物（野菜）の試験栽培を実施した。その結果、雨
期のユーカリ植林地における耐塩性または塩生植物（野菜）の生育が最も好
ましい結果を得た。併せて、土壌およびカイラン、トマト、スベリヒユにお
ける収穫物のナトリウム濃度を測定した結果、収穫物に吸収されたナトリウ
ム量は土壌水の鉛直方向の動きに対応した土壌ナトリウム量の変動に対して
無視できる範囲であり、耐塩性または塩生植物（野菜）の栽培による塩類土
壌の修復は期待できないと判断できた。しかしこれらの結果より、雨期にユ
ーカリ植林地における耐塩性または塩生植物（野菜）の栽培を推奨すること
によって、植林の普及とともに現地住民の収入向上に寄与できると考察でき
た。 
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1.1 Background and objective 
1.1.1 General information of Thailand  
Thailand is located in the center of Southeast Asian peninsula. Thailand 
covers an area of 514,000 square kilometers. It is bordered by Myanmar, Lao 
People's Democratic Republic, Cambodia and Malaysia, and has 2,420 kilometers of 
coast line on the Gulf of Thailand and the Andaman Sea. Thailand lays 1,650 
kilometers from north to south and from east to west 780 kilometers at its widest 
point. (United Nations Thailand, 2006) 
 
Fig. 1-1 Map of Thailand 
Thailand is classified into four geographical regions. They are: the central 
region comprising the basin of the Chao Phraya River which runs from north to south 
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and after crossing Bangkok flows to the Gulf of Thailand. The central region is being 
the most fertile area of the country. 
The northern region is mountainous and was the most heavily forested area of 
the country. However, overcutting has reduced its forest resources. The main centers 
of population are in the narrow valleys along the four main rivers namely Ping, 
Wang, Yom and Nan River which unite in the northern central plain to form the 
Chao Phraya. 
The northeast region constitutes approximately one third of the area of the 
country. The region is drained by the Mun and Chi rivers, tributaries of the Mekong. 
The region has a lower and erratic rainfall and poorer soils than in other parts of the 
country, the northeast provinces have the lowest per capita income in the country. 
However, approximately one third of the population of Thailand lives in the north-
east.  
The southern region has the highest rainfall in the country. It is the major oil 
palm and rubber-growing area. The forests of the south have been seriously overcut 
same as other regions in the country. In recent years, the region has suffered from 
severe flooding which are believed to have been simulated by deforestation and 
subsequent soil erosion (Library of Congress, 2007). 
As a tropical country, Thailand has three distinct seasons. The first is a hot 
and dry season begins from February to May, with an average temperature of 34 
degree Celsius and 75 percent relative humidity. This season is followed by a rainy, 
cooler season brought by the southwest monsoon from June to September, with an 
average daily temperature of 29 degree Celsius and 87 percent relative humidity. A 
cooler, dry season, caused by the northeast monsoon, starts from November to 
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January, with temperatures ranging from 32 degree Celsius to less than 20 degree 
Celsius and lower relative humidity. The southern region is always hot and humid 
and has the heaviest rainfall. The lightest rainfall is in the northeast. Temperatures in 
Bangkok range between 20 degree Celsius and 35 degree Celsius. Average rainfall in 
Thailand is 1,572 millimeters per year (Thai Meteorological Department, 2012). 
 
Fig. 1-2 Average annual precipitation in Thailand from 1987 – 2004  
Source: Thai Meteorological Department, 2012 
1.1.2 Salt affected areas in Thailand 
 Salt affected areas in Thailand were categorized into 2 groups as below; 
1. Salt affected inland areas that include northeast region and some provinces in 
central region. Salt affected soils in this category mainly caused by rock salt 
underneath soil surface associate with capillary raise of saline groundwater. Inland 
salt affected soil is the majority of salt affected areas in Thailand.  
0.00
200.00
400.00
600.00
800.00
1,000.00
1,200.00
1,400.00
1,600.00
1,800.00
2,000.00
Y
e
a
r 
1
9
8
7
Y
e
a
r 
1
9
8
8
Y
e
a
r 
1
9
8
9
Y
e
a
r 
1
9
9
0
Y
e
a
r 
1
9
9
1
Y
e
a
r 
1
9
9
2
Y
e
a
r 
1
9
9
3
Y
e
a
r 
1
9
9
4
Y
e
a
r 
1
9
9
5
Y
e
a
r 
1
9
9
6
Y
e
a
r 
1
9
9
7
Y
e
a
r 
1
9
9
8
Y
e
a
r 
1
9
9
9
Y
e
a
r 
2
0
0
0
Y
e
a
r 
2
0
0
1
Y
e
a
r 
2
0
0
2
Y
e
a
r 
2
0
0
3
Y
e
a
r 
2
0
0
4
(m
m
)
Time (year)
Annual rainfall 
5 
 
2. Salt affected coastal areas that occurred in the provinces along Thai Gulf and 
Andaman Sea. Main cause of soil salinity in the areas comes from sea water. 
 
Fig. 1- 3 Salt affected areas in Thailand (hectare) 
Source: Land Development Department, 2003 
Salt affected soil is one of the severe environmental problems in the 
northeastern Thailand. The total area of this region is 16.928 million hectare while 
the salt affected soils cover 2.848 million hectare or around 17 percent. Salt 
components have been transferred to soil surface from the Mahasarakham rock salt 
layer at the depth of 100-200 meters (Yuwaniyama, 2003). The rock salt layer that 
laid underneath soil surface covers area of 4.594 million hectare or 28 percent of the 
region (Satarugsa et al, 2005).  
Salinity level in Thailand is defined by percentage of salt crust on soil surface 
in dry season. The area that salt crust covers more than 50% is defined as very 
severely affected class. Salt crust covers from 10-50% is defined as severely affected 
class and 1-10% as moderately affected class (Arunin, 1998). 
Northeast 2,848,000 
Central 176,000 
East and South 
368,000 
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Fig. 1-4 Map of northeastern Thailand, capillary rise mechanism and salt crust 
on soil surface 
The causes of salt affected soils can be divided into two groups as following; 
1. Salt affected soils from natural salinization that caused by the degradation of 
minerals and rocks salt layers. 
2. Salt affected soils caused by human activities. Various human activities are 
responsible for the spread of salinization in northeastern Thailand. These activities 
include deforestation, the construction of reservoirs, salt making and irrigation 
(Arunin, 1998). However, it is important to note that the largest part of the area 
affected by salinity has been caused by forest clearing (Thaweethavornsawat, 1999).  
The total forest area in Thailand in 1961 was approximately 28.67 million ha 
or 56 percent of the country. By 1988 this area had decreased to 14.38 million ha or 
28 percent. In northeastern Thailand, forest areas had declined from 42 percent (7.4 
million ha) to 13 percent (2.36 million ha) during the period 1961-85. Deforested 
areas have been used for upland cash cropping (Thaweethavornsawat, 1999). 
Subsequent changes in the hydrologic conditions following land clearing and 
replacement of deep rooted trees with shallow rooted crops increased the natural 
recharge of aquifers and resulted in saline seepage on lower slopes and valley floors 
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(The Commonwealth Scientific and Industrial Research Organisation, 2008; 
Department of Industry and Investment, 2010). 
Salt production is another cause of human-induced salinization. Krairapanond 
et al. (1992) described salt production in northeastern Thailand and its impact on 
land and water resources. Salt production in northeast Thailand began in a primitive 
manner for household consumption. Soils with patchy crusts of salt on the surface 
were dissolved and then boiled to crystallize salt. Salt produced by this method was 
practical to every local livelihood in this region. The practice of salt production 
pollutes downstream rivers and paddy fields, destroying rice crops and killing fishes. 
Construction of reservoirs in areas with shallow saline groundwater also 
causes salinization and widespread environmental problems. Salinization occurs in 
the vicinity of these reservoirs and has spread out over an even wider area from the 
reservoirs. 
Salinization of land and water resources of northeastern Thailand caused by 
irrigation is not well documented. The cause of irrigation salinity is similar to those 
of reservoir salinity. 
Impacts of salt affected soils 
 Salt affected soils cause various impacts to environment, infrastructures, 
fixtures as well as social aspect. The impacts of salt affected soils were described as 
following. 
(a) Agricultural production 
Water moves into plant roots by an osmosis, which is controlled by the 
relative level of salts in the soil water and the water contained in the plant. If the 
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level of salts in the soil water is too high, water may flow from the plant roots back 
into the soil. This results in dehydration of the plant causing yield decline or even 
death of the plant (Department of Natural Resources and Water, 2006). 
(b) Water quality  
Salinization affects the quality of water for drinking and irrigation and causes 
serious economic, social and environmental consequences for both rural and urban 
communities. 
(c) Ecological of streams and soils 
Salt changes the ecological condition of steams and estuaries. The greatest 
threat to biodiversity is from the loss of habitat — both on land and in water. Much 
of the natural vegetation of salt affected areas destroyed or damaged. This has caused 
major changes to the landscape and biodiversity including the destruction of 
remaining natural habitat in many agricultural areas and the fragmentation of many 
wildlife corridors. Moreover, soil microbial activity also influenced by soil salinity 
(Iwai et al., 2012). 
(d) Infrastructure and fixtures 
Salinity decreases the lifespan of road pavements when groundwater levels 
rise to within 2 m of the pavement surface. As in other situations, capillary action 
will assist to draw the salt-laden water to the surface. Salt also corrodes and destroys 
the properties of concrete and brick structures. Salinity damages infrastructure 
including houses, roads and bridges. Salinity damage has also occurred to country 
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roads and farm roads and buildings (The Commonwealth Scientific and Industrial 
Research Organisation, 2008). 
(e) Social impacts 
Salinity also affects people directly in a number of ways. Effects include: the 
cost to rural communities of declining population, loss of business, the cost of rural 
restructure when farms become unprofitable and increased health problems due to 
stress on families affected by change. 
Moreover, in 2010, Seeboonruang reported that salinity has a great negative 
impact on the population density, in-season rice farming and swine livestock in 
Nakhon Panom province, Thailand. 
 
1.1.3 Study area 
Khon Kaen Province is one of the provinces in the northeastern Thailand that 
faces salt affected soil problems. Salt affected soils cover 10.85 percent of total area. 
Salt affected soil problem is severe in Phra Yun District, Ban Fang District, Muang 
District and Ban Phai District (Khon Kaen Province, 2005; Topark-ngarm, 2006). 
Average temperature of the province is 27.2 degrees Celsius, highest temperature is 
41.1 degrees Celsius and lowest temperature is 10.2 degrees Celsius. Average 
rainfall is 1,222.62 mm/year, rainy season starts from May to October and dry season 
starts from November to April. Average evaporation is 2,315 mm/year (Thai 
Meteorological Department, 2012).  
Phra Yun district is one of the salt affected areas of Khon Kaen province. 
Agriculture is the main occupation of villagers in the district, paddy rice and 
sugarcane are the main agricultural products. Topography of this area ranges from 
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flat land to rolling hills, elevation varies from 175 to 190 m above sea level. Paddy 
rice was cultivated in lowland areas while in the hill areas villagers grown sugarcane, 
cassava and Eucalyptus trees. Average income of population in Phra Yun district is 
58,673 Baht or around 1,884 USD per year (Phra Yun Community Development 
Office, 2012). In 2003, the Regional Environment Office 10, Khon Kaen reported 
that salt affected areas cover 6,095 hectare or around 35 percent of the district area 
(REO 10, 2003). 
 
Fig. 1- 5 Khon Kaen province and location of Phra Yun district 
In the study area, there were many studies about causes, effects and 
distribution of salt affected soil since 1988 (JICA, 1991). Besides that, 18 
governmental projects of Thailand have been conducted for rehabilitating salt 
affected soil since 1999 (Land Development Department, 1999, 2003, 2004, 2005, 
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2006, 2007, 2008, 2009, 2010, Land Development Office of Region 5 (Khon Kaen), 
2000, 2010, 2011a and 2011b). 
Among the several practices for controlling saline groundwater level in order 
to mitigate salt accumulation, reforestation is recommended to local villagers as it is 
applicable, simple and effective method (Yamklee et al., 1995; Wada, 1998; 
Yuwaniyama, 2011). However, low economical return is constraint that makes 
villagers not grow more trees in salt affected areas (Sakkhamduang, et al., 2012; 
Schofield, 1992; Pachot et al., 2009). Accordingly, attention has been paid to agro-
forestry system that combined salt tolerant trees with salt tolerant or halophyte 
vegetables in northeastern Thailand. 
 
1.1.4 Agro-forestry 
Agro-forestry is an interface between agriculture and forestry and 
encompassed mixed land use practices. Agro-forestry practices are ranging from 
simple forms of shifting cultivation to complex hedgerow intercropping systems. All 
the diverse agro-forestry systems have the purposeful growing or deliberate retention 
of trees with crops and/or animals in interacting combinations for multiple products 
or benefit from the same management unit. Agro-forestry also has three attributes; 
productivity, sustainability and adoptability (Nair, 1993).  
In Nakorn Ratchasima province, Im-Erb et al (2004) reported that an agro-
forestry system being promoted in recharge area of the province for mitigating salt 
affected soils was well accepted by farmers according to their additional income. It 
was similar to Wannawong et al (1991) that studied about benefit-cost analysis of 
agro-forestry systems consists of combinations of trees and crops. And found out that 
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the financial gains sufficient to make early adopters consider the agro-forestry 
system financially preferable to traditional monocrops. 
 
Fig. 1- 6 Various practices of Agro-forestry system  
1.2 Overall objective of this research 
The objective of the research title “Study on Applicable Agro-forestry 
Systems in Salt Affected Soils in Northeastern, Thailand” was to propose the 
applicable agro-forestry system for rehabilitating salt affected soil that can be apply 
by local people in the study area. 
1.3 Dissertation structure 
For achieving the above overall objective, the following research structure as 
shown in Fig. were formulated and carried out. 
 In the Chapter 1, background information of salt affected soils in 
northeastern Thailand included caused and effects were explained. Moreover, general 
information of study area, previous studies, concept of agro-forestry and objective of 
this research were summarized. 
 Chapter 2 of this research dealt with the knowledge and experiences on 
rehabilitating salt affected soils in study area. In the study area, several researches 
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and implemented projects were conducted for rehabilitating salt affected soil since 
1989. The results of researches and the proposed practices from the implemented 
projects were summarized in this chapter. 
 Chapter 3 dealt with chemical properties of soils in reforested and adjacent 
bare areas in the study area. The soil profile surveys were conducted, soils samples in 
reforested and adjacent bare areas were collected in rainy and dry season for 
investigating the current situation of soil salinity after many research and 
development projects were done for rehabilitating salt affected soil in study area 
since 1989. 
 Chapter 4 evaluated agro-forestry systems in salt affected and non salt 
affected areas. In this chapter, existing agro-forestry systems in salt affected and non 
salt affected area were investigated and categorized. The Simpson diversity index 
and Shannon diversity index were used to evaluate plant diversity in each system. 
 Chapter 5 dealt with application of salt tolerant and halophyte vegetables in 
agro-forestry system for rehabilitating salt affected soil. In this chapter, two types of 
salt tolerant vegetables and one halophyte vegetable, namely Chinese kale, tomato 
and purslane were grown in Eucalyptus and Acacia plantations and adjacent bare 
areas in rainy and dry season. Growth and yield of vegetables as well as sodium 
absorption in vegetables and chemical properties of soils from vegetable ridges in 
each site were compared. 
 According to the outcomes of each chapter, overall conclusions on “Study on 
Applicable Agro-forestry Systems in Salt Affected Soils in Northeastern of Thailand” 
were summarized in Chapter 6. 
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Fig. 1-7 Dissertation structure 
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implemented for rehabilitating salt affected soils  
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2.1 Introduction of this chapter 
2.1.1 Background 
Khon Kaen Province is one of the provinces in the northeastern Thailand that 
faces salt affected soil problems. Salt affected soils cover 10.85 percent of total area. 
Salt affected soil problem is severe in Phra Yun District, Ban Fang District, Muang 
District and Ban Phai District (Khon Kaen Province, 2005; Topark-ngarm, 2006). 
Average temperature of the province is 27.2 degrees Celsius, highest temperature is 
41.1 degrees Celsius and lowest temperature is 10.2 degrees Celsius. Average 
rainfall is 1,222.62 mm/year, rainy season starts from May to October and dry season 
starts from November to April. Average evaporation is 2,315 mm/year (Thai 
Meteorological Department, 2012).  
Phra Yun district is one of the salt affected areas of Khon Kaen province. ). In 
2003, the Regional Environment Office 10, Khon Kaen reported that salt affected 
areas cover 6,095 hectare or around 35 percent of the district area (REO 10, 2003). 
Agriculture is the main occupation of villagers in the district, paddy rice and 
sugarcane are the main agricultural products. Topography of this area ranges from 
flat land to rolling hills, elevation varies from 175 to 190 m above sea level. Paddy 
rice was cultivated in lowland areas while in the hill areas villagers grown sugarcane, 
cassava and Eucalyptus trees. Average income of population in Phra Yun district is 
58,673 Baht or around 1,884 USD per year (Phra Yun Community Development 
Office, 2012). 
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Table 2-1 Changes in salt affected areas in Phra Yun district, Khon Kaen 
province 
Year Severely affected 
area  
(salt crust cover 
more than 50%) 
(ha) 
Strongly affected 
area  
(salt crust cover 
10- 50%) 
(ha) 
Moderately 
affected area  
(salt crust cover 
1- 10%) 
(ha)  
Total salt 
affected 
area (ha) 
% of 
total 
area  
(17,200 
ha) 
1991 310 1,480 3,550 5,340 31 
2003 441.6 1,404 4,250 6,095 35 
Source; JICA (1991); REO 10 (2003) 
There were many research and development projects conducted in this area 
for rehabilitating salt affected soils since 1988 (JICA, 1991). Implementers of 
research projects include academic institute such as Khon Kaen University, Thailand; 
Mahidol University, Thailand; Tokyo University of Agriculture, Japan; Japan 
International Cooperation Agency (JICA), Institute of Research for Development, 
France and Land Development Department, Thailand. 
2.1.2 Objective of this chapter 
 The objective of this chapter was to overview former researches and 
development projects conducted in the study area. For archiving the objective, the 
related literatures about research and development projects for rehabilitating salt 
affected were reviewed and categorized. 
2.2 Results and discussion 
2.2.1 Research projects for rehabilitating salt affected soils in the study area 
The research projects conducted in the study area can be categorized as 
following; 
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(a) Research related to polder system 
 In the study area, 5 researches related to polder system were carried out from 
1996 to 2001 (Table 2-2). 
Table 2-2 Research related to polder system 
No Year Title Author(s) Source 
1 1996 Groundwater hydrology in the 
polder system in Northeast 
Thailand 
Dissataporn, C., 
Arunin, S., Narioka, H. 
and Anase, M. 
Rehabilitation and 
Development of upland 
and highland ecosystems. 
(Anase, M, Mangang,T. 
and Lasco, R. eds.) 219-
228. Tokyo University of 
Agriculture Press, Japan. 
2 1997 Sustainable farming 
techniques employed to the 
deteriorated arable lands in 
Asia: The salt affected areas 
in Northeast Thailand, soil 
erosion prevention measures 
Japan Agricultural 
Development and 
Extension Association. 
Japan Agricultural 
Development and 
Extension Association, 
Japan. 
3 1997 Research and development on 
land degradation for 
agriculture: Polder 
application for improving and 
managing saline bare area for 
agricultural purposes 
Topark-ngarm, B., 
Panchabhan, S., 
Dejbhimol, K, 
Homchuen, S., 
Khammeng, T., 
Prachankarnchana, S. 
and Ta-Oun, M. 
Faculty of Agriculture, 
Khon Kaen University, 
Thailand (in Thai). 
4 2000 Soil management for 
cropping system in polder 
Panchaban, S. and Ta-
oun, M. 
Faculty of Agriculture, 
Khon Kaen University, 
Thailand. (in Thai) 
5 2001 Soil management for 
cropping systems in the 
Polder 
Panchaban, S and Ta-
oun, M. 
Research on reform and 
development of unused 
lands to farmland. 
Faculty of Agriculture, 
Khon Kaen University, 
Thailand. 16-49. 
(b) Research related to interrupting capillary rise of saline groundwater 
In the study area, 6 researched related to interrupting capillary rise of saline 
groundwater were carried out from 1997 to 2009 (Table 2-3). Some researches were 
described as following. 
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Mihara et al., (2004) studied about application of geo-textile as strategy of 
rehabilitation and conservation salt accumulated area and concluded that the geo-
textile of cotton was effective for intercepting capillary water rise of salt 
groundwater. 
In 2009 Mihara et al, reported that the application of chemical geo-textile 
along with leaching salt components from soil surface were efficiency to reduce the 
electrical conductivity value far below the expected crop tolerance level. 
Table 2-3 Research related to interrupting capillary rise of saline groundwater 
No Year Title Author(s) Source 
1 1997 Study on the production 
environment improvement for 
the saline soil area, the case 
of Knon Kaen, northeastern 
Thailand 
Anase, M., Ai, F., 
Narioka, H., Fukumura, 
K. and Sugi, S. 
Bulletin of NODAI 
Research Institute. 8, 8-
21. 
2 1997 Salt affected areas 
rehabilitation by making 
saline water cut-off zone 
Topark-ngarm, B. and 
Prachankarnchana, S. 
Faculty of Agriculture, 
Khon Kaen University, 
Thailand. (in Thai) 
3 2000 Efficiency of salt leaching for 
inclined layered structures-
For improving the cutting off 
zone technique in northeast 
Thailand 
Endo, A and Hara, M. JSIDRE, 210, 13-18. 
4 2004 A method of 3D salt 
distribution measurement on 
saline land in northeastern 
Thailand 
Hong, Y., Tatsuno, J., 
Tajima, K., Hashimoto, 
Y., Okada, S. and 
Tamaki, K 
Participatory Strategy for 
Soil and Water 
Conservation. Institute of 
Environment 
Rehabilitation and 
Conservation 
(ERECON), 161-166. 
5 2004 Rehabilitation and 
Conservation Strategy 
applying geo-textile in salt 
accumulated area of 
northeast, Thailand  
Mihara, M., Kanazawa, 
D., Noguchi, Y. and 
Dissataporn, C. 
Journal of Arid Land 
Studies. 14S, 45-48. 
6 2009 Rehabilitation of salt affected 
soils with chemical geo-
textile in Northeast Thailand 
Mihara, M., Shoji, K. 
and Siriwattananon, L.  
 Journal of Arid Land 
Studies. 19-1, 277-282. 
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(c) Research related to controlling saline groundwater level 
In the study area, 9 researched related to controlling saline groundwater level 
were carried out from 1995 to 2011 (Table 2-4).  
Table 2-4 Research related to controlling saline groundwater level 
No Year Title Author(s) Source 
1 1995 Changes in groundwater 
depth and quality resulting 
from Eucalyptus reforestation 
on potential salt source area  
Yamklee P., Dissataporn 
C. and Arunin S. 
Proceedings of the 3rd 
Conference of Land 
Development 
Department (in Thai). 
2 2001 Application of 
electromagnetic technique to 
identify recharge and 
discharge area for 
reforestation in northeast 
Thailand 
Dissataporn, C., 
Yamclee, P. and 
Narioka, H. 
Journal of Japan Society 
of Soil Physic. No. 88. 
27- 35. 
3 2002 Effect of Groundwater Level 
on Salinity Content and 
Environmental Land 
Classification 
Dissathporn, C., 
Yacouba, Y., Mihara, M. 
and Yasutomi, R. 
Journal of Japan Society 
of Soil Physic. No. 89. 
35-42. 
4 2002 Hydrological and 
geochemical behavior of 
saline groundwater in Phra 
Yun, Northeast, Thailand 
Inaizumi, M. Sukchan, 
S., Wichaidit, P., Srisuk, 
K. and Kaneko, F. 
JIRCAS working report, 
30, 7-14. 
5 2002 Application of solar pumping 
and subsurface drainage 
system for reclamation of 
saline land in Northeast 
Thailand  
Tatsuno, J., Hashimoto, 
Y., Tajima, K., 
Dissataporn, C., 
Yamclee, P. and Tamaki, 
K.  
The 17th World 
Congress of Soil 
Science. Symposium no. 
33. Paper no. 2032, 8 
pages. 
6 2004 Effective use of reservoir 
water with solar pumping 
system at integrated farming 
system in northeastern 
Thailand 
Tatsuno, J., Pimtawong, 
K., Tajima, K., Tamaki, 
K., Dissataporn, C. and 
Yamclee, P. 
Participatory Strategy for 
Soil and Water 
Conservation. Institute of 
Environment 
Rehabilitation and 
Conservation 
(ERECON), 93-96. 
7 2005 Reclamation of saline soil in 
northeastern Thailand using a 
solar-powered pump to 
control groundwater levels 
Tatstuno, J., Hashimoto, 
Y., Tajima, K., Oishi, T., 
Dissataporn, C., 
Yamclee, P. and Tamaki, 
K. 
Environ. Control Biol., 
43(3), 155-163. 
8 2006 Salinity Hazard Assessment 
of Paddy Soils in Thailand 
Using Innovative Ground 
Geophysics  
Montoroi, J. P., 
Grünberger, O., Bouzid, 
N., Enet, Y. J. M., 
Sukchan, S., Srisuk, K. 
and Nadee, S. 
Proceeding, the 18th 
World Congress of Soil 
Science. July 9-15, 2006, 
Philadelphia, 
Pennsylvania, USA. 
9 2011 Impact of tree plantings on 
saline groundwater control 
Yuvaniyama, A. Proceeding of the 49th 
Kasetsart University 
Annual Conference: 
Natural Resources and 
Environment (in Thai). 
26 
 
Some researches related to controlling saline groundwater level were 
described as following. 
In 2002, Inaizumi et al. studied about hydrological and geochemical behavior 
of saline groundwater in Phra Yun, Northeast, Thailand. The study revealed that the 
saline groundwater in the study area is a solution from salt rock. Although it is the 
natural phenomenon, human activities also accelerate the distribution of saline 
ground water. 
Dissataporn et al, (2002) reported that to interrupt capillary water rise and to 
reduce groundwater level to the depth of more than 1.5 meter from ground surface 
are the most important practice for preventing salinization. 
Tatsuno et al, (2002; 2004; 2005) reported that an application of solar 
pumping system and subsurface drainage would be an effective way for 
improvement of saline land in Northeast Thailand. 
(d) Research related to organic matters application for rehabilitating salt 
affected soils 
In the study area, 4 researched related to organic matters application for 
rehabilitating salt affected soils were carried out from 1991 to 2005 (Table 2-5). 
Some researches related to organic matters application for rehabilitating salt affected 
soils were described as following. 
 In 1991, Arunin et al., study the mulching and soil amendment for growing 
Asparagus in salt affected area and found that mulching with sugarcane residue along 
with compost could get the highest yield. Moreover, Pongwicien et al., (2001) 
studied about soil amendment application for growing Date Palm in salt affected area 
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and reported that the application of compost and manure is affective for enhancing 
the growth of Date Palm. 
Table 2-5 Research related to organic matters application 
No Year Title Author(s) Source 
1 1991 Mulching and soil 
amendment for growing 
Asparagus in salt affected 
area  
Arunin, S., 
Yuwaniyama, A. And 
Dissathaporn, C 
Land Development 
Department, Ministry of 
Agriculture and 
Cooperation, Thailand 
(in Thai). 
2 1995 Techniques and strategies to 
ameliorate salt-affected 
soils in northeast Thailand  
Puengpana, N., 
Subhasaram, T. and 
Wada, H.  
Proceeding of the 33rd 
Kasetsart University 
Annual Conference: 
Natural Resources and 
Environment. Fisheries, 
Sciences, Engineering, 
Agro-Industry, 
Education, Humanities, 
Social Sciences, 
Resources and 
Environmental 
Management. 519-524. 
3 2001 Soil amendment application 
for growing Date Palm in 
salt affected area 
Pongwichien, P., 
HongNoi, P. and 
Yamclee, P. 
Land Development 
Department, Ministry of 
Agriculture and 
Cooperation, Thailand 
(in Thai). 
4 2005 Impact of agricultural 
practices on the 
biogeochemical functioning 
of sandy salt-affected paddy 
soils in northeastern 
Thailand 
Quentin, C., 
Grunberger, O., 
Suvannang, N. and 
Bourdon, E. 
Proceeding. Management 
of Tropical Sandy Soil 
for Sustainable 
Agriculture: A Holistic 
Approach for Sustainable 
Development of Problem 
Soils in the Tropics. 129-
134. 
 
(e) Research related to inorganic matters application for rehabilitating salt 
affected soils 
In the study area, 4 researched related to inorganic matters application for 
rehabilitating salt affected soils were carried out from 1997 to 2005 (Table 2-6). 
Some researches were described as following. 
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Dejbhimon (1997) applied polyvinyl alcohol (PVA) for vegetable grown in 
slat affected soils and found that the vegetable grown with PVA application can get 
the highest yield. Moreover, in 2005, Dejbhimon and Wada studied about using 
polyvinyl alcohol (PVA) for suppressing salt-accumulation by capillary rise from 
saline groundwater in the dry season and for the enhancing desalinization with rain 
water in the rainy season. The results indicated that the desirable effects of PVA 
remained for at least 3 years. Moreover, PVA plus cow dung should be applied at the 
beginning of the rainy season. 
Table 2-6 Research related to inorganic matters application 
No Year Title Author(s) Source 
1 1997 Salt affected soil 
rehabilitation by PVA 
application 
Dejbhimon, K.  Faculty of Agriculture, 
Khon Kaen University, 
Thailand. (in Thai) 
2 1998 The suitable PVA for 
improving salt affected soil in 
northeast Thailand 
Dejbhimon, K. and 
Pachapreecha, P. 
Faculty of Agriculture, 
Khon Kaen University, 
Thailand (in Thai). 
3 2002 Fertilizer management for 
tomatoes growing in saline 
soil of the northeast, Thailand 
Panchaban, S. and Ta-
oun, M.  
The 17
th
 WCSS, 
Thailand. Paper no 352. 
Symposium no. 34. 
4 2005 Improvement of the saline 
sandy soil in Northeast 
Thailand using polyvinyl 
alcohol (PVA) 
Dejbhimon, K. and 
Wada, H.  
Proceeding. Management 
of Tropical Sandy Soil 
for Sustainable 
Agriculture: A Holistic 
Approach for Sustainable 
Development of Problem 
Soils in the Tropics. 123-
128. 
 
(f) Research related to reforestation and agro-forestry for rehabilitating salt 
affected soils 
In the study area, 7 researched related to reforestation and agro-forestry for 
rehabilitating salt affected soils were carried out from 1991 to 2012 (Table 2-7). 
Some researches were described as following. 
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Kanazawa et al, (2006) study about effects of reforestation on reducing salt 
accumulation and concluded that the reforestation of Eucalyptus camaldulensis and 
Acacia ampliceps was an effective way for reducing salt accumulation. 
Table 2-7 Research related to reforestation and agro-forestry 
No Year Title Author(s) Source 
1 1991 Soil salinization after 
deforestation and control by 
reforestation in northeast 
Thailand 
Miura, K and 
Subhassaram, T. 
Journal of Japanese 
Society of Soil Physics, 
63; 51-59. 
2 1999 Deforestation and distribution of 
salt patches in northeast 
Thailand: A case study amphoe 
Phrayun changwat Khon Kaen 
Thaweethavornsawat, S. Graduate School of 
Mahidol University, 
Bangkok, Thailand (in 
Thai with English 
abstract). 
3 2002 Effect of reforestation to salt 
affected soil distribution 
Yamclee, P., Prosayakul, 
S., Dissataporn, C. and 
Im-Erb, R. 
Land Development 
Department, Ministry of 
Agriculture and 
Cooperation, Thailand 
(in Thai). 
4 2004 Implementation of reforestation 
and agro-forestry using shallow 
well for soil salinization 
mitigation and management in 
the Northeast of Thailand.  
Im-Erb. R., Dissataporn, 
C. Yamklee, P., 
Pongwichian, P. and 
Somrang, A.  
The 13th International 
Soil Conservation 
Organisation 
Conference. Conserving 
soil and Water for 
society: Sharing solution. 
Brisbane, Australia. 
5 2006 Effects of Reforestation on 
Reducing Salt Accumulation in 
Chi River Watersheds, Northeast 
Thailand. 
Kanazawa, D., Mihara, 
M. and Komamura, M. 
Journal of Arid Land 
Studies. 15(4), 475-478. 
6 2011 Agro-forestry system in salt 
affected area in Khon Kaen 
Province, northeast of Thailand.  
Sakkhamduang, J., 
Siriwattananon, L. and 
Mihara, M. 
International Journal of 
Environmental and Rural 
Development. 2-2, 84 - 
88. 
7 2012 Awareness of local people in 
recharge and discharge areas 
towards rehabilitation of salt 
affected soil by reforestation in 
northeast of Thailand. 
Sakkhamduang, J., Sato, 
M. and Mihara, M. 
The Book of Abstracts of 
the 3
rd
 International 
Conference on 
Environmental and Rural 
Development. 68. 
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(g) Research related to other topics 
In the study area, 11 researched related to other topics for rehabilitating salt 
affected soils were carried out from 1990 to 2012 (Table 2-8). Some researches were 
described as following. 
Puengpana et al, (1990) reported that the impermeable layers were regarded 
as the secondary source of salt, the primary source of salt being the salty 
groundwater. Accordingly, techniques to ameliorate salt affected soils can be divided 
into the management of impermeable layers and the groundwater management. 
Wada (1998) proposed techniques and strategies to ameliorate salt affected 
soil in local and watershed levels. The “core techniques” were developed for farmers 
in local level while reforestation in the upper boundaries of the salt affected areas on 
all slopes in a watershed was propose as a long-lasting countermeasure. 
Panchaban et al (2003) reported that Vertiver grass was effective for 
preventing soil erosion in farm pond in salt affected sandy area of Phra Yun district, 
Khon Kaen province. 
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Table 2-8 Research related to other topics 
No Year Title Author(s) Source 
1 1990 Impermeable layers in salt 
affected sandy soils in northeast 
Thailand 
Puengpana, N., 
Subhasaram, T., 
Patcharapreecha, P., 
Miura, K. and Wada, H.  
Journal of Science 
Society, Thailand. 16, 
77-88. 
2 1991 The master plan study on the 
integrated rural development of 
salt-affected land in Northeast 
Thailand 
Japan International 
Cooperation Agency 
Japan International 
Cooperation Agency. 
3 1991 Circumstances and 
Conservation s of Inland Saline 
Soils in Thailand 
Narioka, H. and Anase, M. Journal of the Japanese 
Society of Irrigation, 
Drainage and 
Reclamation 
Engineering, 59, 1257-
1262 
4 1993 Salt-affected soil in northeast 
Thailand, their salinization and 
amelioration 
Kohyama, K. and 
Subhasaram, T. 
Agricultural 
Development Research 
Center. Japan 
International 
Cooperation Agency. 
5 1997 Sustainable farming techniques 
employed to the deteriorated 
arable lands in Asia: The salt 
affected areas in Northeast 
Thailand, soil erosion 
prevention measures 
Japan Agricultural 
Development and 
Extension Association  
Japan Agricultural 
Development and 
Extension Association  
6 1998 Techniques and strategies to 
ameliorate salt-affected lands in 
northeast Thailand  
Wada, H.  Japan Agriculture 
Research Quarterly. 32, 
79-85. 
7 2003 Use of Vertiver for soil erosion 
control and better water quality 
in farm ponds in salt affected 
sandy areas of Northeast, 
Thailand 
Panchaban, S., Phuaphan, 
W. and Ta-oun, M.  
Proceeding of the 3rd 
International Conference 
on Vertiver and 
Exhibition “Vertiver and 
Water. 394-396. 
8 2005 Boundary and evolution of rock 
salt in the Maha Sarakham 
Formation in the northeast, 
Thailand 
Satarugsa S., Meesawat, S. 
and Youngme, W.  
Khon Kaen University 
Research Journal. 10(1), 
65-78 (in Thai). 
9 2006 Performance of a vertically-
employed electrical 
conductivity probe-
Measurement of electrical 
conductivity dynamics in 
saturated soils 
Hong, Y., Tatsuno, T., 
Nakamura, T., Tajima, K. 
and Tamaki, T. 
J. SHITA, 18(1), 28-34. 
10 2006 Application of a vertically-
employed electrical 
conductivity probe-
Measurement of 3D salt 
distribution on saline land 
Hong, Y., Tatsuno, J., 
Shimada, S., Nakamura, 
T., Tajima, K. and Tamaki, 
K 
J. SHITA, 18(4), 247-
254. 
11 2012 Rehabilitation and 
Conservation of Salt 
Accumulated Soils in 
Northeast, Thailand  
Nakamura, T., Mihara, M., 
Sakkhamduang, J. and 
Komamura, M. 
Journal of Water, Land 
and Environment 
Engineering, 80(2), 91-
94. 
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2.2.2 Development projects for rehabilitating salt affected soils in the study area 
Since 1999, Land Development Office Region 5 (Khon Kaen) had been 
conducting development projects for rehabilitating salt affected soils in the study 
area. The implemented projects were summarized in Table 2-9. 
Table 2-9 Thai government projects on salt affected soil rehabilitation in study area 
No Year Title Activity Implementers 
1 1999 Project of demonstration 
of increasing rice 
productivity in salt 
affected areas 
Introducing salt tolerant rice species 
to farmer, promoting the application 
of soil amendments and establishing 
demonstration farms 
Land 
Development 
Office Region 5 
(Khon Kaen) 
2 1999 Project of severely salt 
affected soil improvement 
Establishing demonstration farms for 
growing halophyte grass for forage, 
growing salt tolerant tree, distributing 
tree and grass seedlings for farmers 
Land 
Development 
Office Region 5 
(Khon Kaen) 
3 2000 Project of planting salt 
tolerant trees for 
preventing salinization in 
Khong, Chi and Mun 
watershed in Ban Phai 
and Non Sila districts, 
Khon Kaen Province 
(Phase 1) 
Reforming paddy fields, promoting 
fast growing trees on paddy bund, 
establishing demonstration farms for 
increasing rice productivity, making 
groundwater drainage systems, 
promoting green manure, promoting 
halophyte grass and planting fast 
growing trees in recharge areas for 
preventing salinization 
Land 
Development 
Office Region 5 
(Khon Kaen) 
4 2003 Project of salt affected 
soil rehabilitation 
Conducting workshop for farmers to 
learn the application of green manure 
and soil amendments for 
rehabilitating salt affected soil 
Land 
Development 
Office Region 5 
(Khon Kaen) 
5 2004 Project of degraded soil 
improvement 
Promoting the application of green 
manure, compost and liquid fertilizer 
Land 
Development 
Office Region 5 
(Khon Kaen) 
6 2004 Project of Vertiver grass 
application for 
rehabilitating salt affected 
soil 
Promoting the application of salt 
tolerant Vertiver grass for 
rehabilitating salt affected soil 
Land 
Development 
Office Region 5 
(Khon Kaen) 
7 2005 Project of planting trees 
for preventing salinization 
Promoting fast growing trees such as 
Eucalyptus, Acacia in recharge areas 
Land Development 
Office Region 5 
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for preventing salinization (Khon Kaen) 
8 2006 Project of development of 
salt affected areas  
(Phase 1) 
Promoting the application of green 
manure, compost and liquid fertilizer 
in salt affected areas 
Land 
Development 
Office Region 5 
(Khon Kaen) 
9 2007 Project of development of 
salt affected areas  
(Phase 2) 
Promoting the application of green 
manure, compost and liquid fertilizer 
in salt affected areas 
Land 
Development 
Office Region 5 
(Khon Kaen) 
10 2008 Project of development of 
salt affected areas  
(Phase 3) 
Promoting the application of green 
manure, compost and liquid fertilizer 
in salt affected areas 
Land 
Development 
Office Region 5 
(Khon Kaen) 
11 2008 Project of Vertiver grass 
application for 
rehabilitating salt affected 
soil 
Promoting the application of Vertiver 
grass in salt affected areas 
Land 
Development 
Office Region 5 
(Khon Kaen) 
12 2009 Project of development of 
salt affected areas  
(Phase 4) 
Promoting the application of green 
manure, compost and liquid fertilizer 
in salt affected areas 
Land 
Development 
Office Region 5 
(Khon Kaen) 
13 2009 Project of integrated salt 
affected soil rehabilitation 
Growing halophyte grass in severely 
salt affected soil, increasing rice 
productivity in moderately salt 
affected soil by green manure 
application and controlling saline 
groundwater 
Land 
Development 
Office Region 5 
(Khon Kaen) 
14 2010 Project of salt affected 
areas development 
Increasing rice productivity and 
promoting salt tolerant trees and fruit 
trees in moderately salt affected 
areas, promoting salt tolerant trees 
and halophyte grass in severely salt 
affected areas 
Land 
Development 
Office Region 5 
(Khon Kaen) 
15 2010 Project of monitoring salt 
patches distribution 
resulting from climate 
change 
Comparing the data of salt patches 
distribution of year 2005 with 2010 
by using satlelize imagery 
Land 
Development 
Office Region 5 
(Khon Kaen) 
16 2010 Project of integrated salt 
affected soil rehabilitation 
in Ban Had district, Khon 
Kaen province 
Growing halophyte trees and grass in 
severely salt affected soil, increasing 
rice productivity by green manure 
application, growing trees on paddy 
bund and controlling saline 
groundwater level 
Land 
Development 
Office Region 5 
(Khon Kaen) 
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17 2011 Project of planting salt 
tolerant trees for 
preventing salinization in 
Khong, Chi and Mun 
watershed in Ban Phai 
and Non Sila districts, 
Khon Kaen Province 
(Phase 2) 
Growing fast growing trees on paddy 
bund, promoting green manure 
application, reforming paddy fields, 
establishing demonstration farms for 
increasing rice productivity, making 
ground water drainage system and 
planting fast growing trees in 
recharge areas for preventing 
salinization 
Land 
Development 
Office Region 5 
(Khon Kaen) 
18 2011 Project of promoting 
integrated salt affected 
soil management in sub 
watershed of Phra Yun 
district, Khon Kaen 
province 
Growing salt tolerant and halophyte 
plants, growing trees on paddy bund 
and controlling saline groundwater on 
soil surface and underground 
Land 
Development 
Office Region 5 
(Khon Kaen) 
 
2.3 Conclusions of this chapter 
Many researches and development projects have been conducted in Phra Yun 
district of Khon Kaen province since 1988. There were 18 development projects 
conducted by the Land Development Department of Thailand since 1999 to the 
present. Furthermore, 2 long term projects of Japan International Cooperation 
Agency (JICA) had been implemented in this area from 1988 to 1993. The contents 
of those projects included; introducing salt tolerant rice species to farmers, increasing 
rice productivity by organic fertilizer and green manure application, constructing 
groundwater drainage system, constructing polder system for controlling 
groundwater and surface water as well as eliminating soil salinity inside the system, 
promoting salt tolerant tree and halophyte grass in severely salt affected areas, in 
addition planting fast growing trees in recharge zones for preventing salinization. 
Although many projects have been conducted in Phra Yun district, few reports dealt 
with the effects of the projects implemented on eliminating salinization or current 
situation of salt accumulation.  
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3.1 Introduction of this chapter  
3.1.1 Background 
 Salt affected soil is a severe environmental problem in northeast of Thailand. 
Total area of this region is 16.928 million hectares while the salt affected land covers 
2.848 million hectares or about 17 percent. From the rock salt stratum, called the 
Mahasarakam formation, laid under soil surface at 100 m to 200 m deep, salt 
components are rising associated with soil water to ground surface. Salt affected soil 
is not only an environmental problem but also economic and social problems in rural 
areas.  
 Capillary rise of saline groundwater is one of the main causes of salinization 
(Kohyama and Subhasaram, 1993). One of the practices to prevent salinization is 
interrupting capillary rise of saline groundwater (Mihara et al., 2009) and to control 
the saline groundwater level (Dissataporn et al., 2002). Among several practices for 
controlling saline groundwater level, reforestation is also recommended to lower 
saline groundwater and mitigate salt accumulation (Yamklee et al., 1995 and 
Yuwaniyama, 2011). 
 Khon Kaen province is one of the provinces in northeast of Thailand that 
faces salt affected soil problem. The salt affected area covers around 10.85 percent of 
total area. Salt affected soil problem is severe in Phra Yun district, Muang district, 
Ban Fang district and Ban Phai district (Khon Kaen province, 2005; Topark-ngarm, 
2006). 
Phra Yun district is one of the salt affected areas of Khon Kaen province. 
Agriculture is the main occupation of villagers in the district, paddy rice and 
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sugarcane are the main agricultural products. Topography of this area ranges from 
flat land to rolling hills, elevation varies from 175 to 190 m above sea level. Paddy 
rice was cultivated in lowland areas while in the hill areas villagers grown sugarcane, 
cassava and Eucalyptus trees. Average income of population in Phra Yun district is 
58,673 Baht or around 1,884 USD per year (Phra Yun Community Development 
Office, 2012). In 2003, the Regional Environment Office 10, Khon Kaen reported 
that salt affected areas cover 6,095 hectare or around 35 percent of the district area 
(REO 10, 2003). 
In the study area, there were many studies about causes, effects and 
distribution of salt affected soil since 1988 (JICA, 1991). Besides that, 18 
governmental projects of Thailand have been conducted for rehabilitating salt 
affected soil since 1999 (Land Development Department, 1999, 2003, 2004, 2005, 
2006, 2007, 2008, 2009, 2010, Land Development Office of Region 5 (Khon Kaen), 
2000, 2010, 2011a and 2011b). 
Main activities of governmental projects for suppressing and/or ameliorating 
salt affected soil problem in the study area included; introducing salt tolerant rice 
species to farmers, increasing rice productivity by organic fertilizer and green 
manure application. Making groundwater drainage system, promoting salt tolerant 
tree included Eucalyptus camaldulensis and Acacia ampliceps and halophyte grass, 
Sporobolus virginicus in severely salt affected areas as well as planting fast growing 
trees in recharge areas for preventing salinization. 
Moreover, in 1985, Agricultural Development Research Center (ADRC) has 
established cooperated with Japan International Cooperation Agency (JICA), Thai 
Government and Khon Kaen University (JADES, 1997). The aims of the center are: 
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1) classification of agro-ecological zones and land use planning, 2) development of 
farm management system and 3) development of low-input technology. One of the 
activities of ADRC was to suppress salinization and ameliorate the salt affected 
areas. 
3.1.2 Objective of this chapter 
Attention has been paid to the current condition of salt accumulation in Phra 
Yun district, after many studies and projects have been implemented. Therefore, the 
objective of this chapter was to investigate chemical properties of soils in reforested 
and bare areas in salt affected area of study area after many researches and 
development projects had been implemented. 
3.2 Methodology 
 
Fig. 3-1 Areas of conducted soil profile survey and collected soil samples 
In January 2012, soil profile surveys were conducted in the areas of, 
Eucalyptus (Eucalyptus camaldulensis) reforested area and adjacent bare area, 
Eucalyptus area
Acacia area Bare area 
Bare area 
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Acacia (Acacia ampliceps) reforested area and adjacent bare area. According to soil 
profile in Eucalyptus reforested area, 3 disturbed and 9 undisturbed soil samples 
were collected while from the adjacent bare area of Eucalyptus, 5 disturbed and 15 
undisturbed soil samples were collected. In Acacia reforested area, 2 disturbed and 6 
undisturbed soil samples were collected while from the adjacent bare area of Acacia, 
3 disturbed and 9 undisturbed soil samples were collected. Soil samples were 
analyzed for physical and chemical properties. The physical properties of soils 
including soil texture, dry density, specific gravity and soil permeability were 
analyzed. In addition, soil chemical properties including pH, electrical conductivity 
(EC1:5) value, sodium, calcium, total nitrogen and total phosphorus concentration 
were analyzed. The differences in chemical properties of soils were analyzed by t-
test statistical method. 
3.3 Results and discussion 
3.3.1 Physical properties of soils in reforested and bare areas  
The soil textural classes of soils from 4 study sites were sand, sandy loam and 
loamy sand. Soils specific gravity ranges between 2.62 to 2.66. Dry density of soils 
in 4 study sites ranges from 1.54 to 1.80 g/cm
3
. The highest percentage of loss on 
ignition was found in topsoil of Acacia reforested area 3.63 percent and the saturated 
permeability ranged from 0.1 to 145.1 x10
-3
 cm/s (Tables 3-1 and 3-2). 
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a Eucalyptus reforested area b Bare area adjacent to    c Acacia reforested area    d Bare area adjacent  
                                                  Eucalyptus                                                                  to Acacia 
Fig 3-2 Soil profiles in 4 areas 
Table 3-1 Physical properties of soils in Eucalyptus reforested area and adjacent 
bare area 
Depth 
from soil 
surface 
(cm) 
Horizon 
Soil 
texture 
Specific 
gravity 
Dry 
density 
(g/cm
3
) 
Ignition 
loss (%) 
Saturated 
permeability 
(x10
-3
 cm/s) 
Soil in Eucalyptus area 
0 - 40 A1 S 2.62 1.8 0.89 125.9 
40 - 45 A2 LS 2.65 1.79 0.67 145.1 
45 - 100 A3 LS 2.64 1.78 0.47 127.6 
Soil in bare area adjacent to Eucalyptus area 
0 - 10 Dress layer 
1 
L 2.64 1.54 3.59 0.1 
10 - 25 Dress layer 
2 
S 2.64 1.67 0.68 133.7 
25 - 34 Dress layer 
3 
LS 2.62 1.56 1.24 0.5 
34 - 44 A1 LS 2.65 1.62 1.2 140.1 
44 - 100 A2 SL 2.66 1.62 1.37 125.4 
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Table 3-2 Physical properties of soils in Acacia reforested area and adjacent 
bare area 
Depth 
from soil 
surface 
(cm) 
Horizon 
Soil 
texture 
Specific 
gravity 
Dry 
density 
(g/cm
3
) 
Ignition 
loss (%) 
Saturated 
permeability 
(x10
-3
 cm/s) 
Soil in Acacia area 
0 - 10 A1 S  2.64 1.58 1.04 134.2 
21 - 80 A2 S 2.65 1.62 1.35 51.2 
Soil in bare area adjacent to Acacia area 
0 - 15 A1 LS 2.64 1.63 3.63 41.9 
15 - 22 A2 LS 2.66 1.64 1.33 122.4 
22 - 70 A3 LS 2.63 1.63 1.02 95.9 
 
3.3.2 Chemical properties of soils in reforested and bare areas 
As shown in Fig 3-3, the EC1:5 values of soils in 4 areas were significantly 
different at 99%. The EC1:5 value in topsoil of Eucalyptus reforested area was the 
lowest at 0.01985 mS/cm and the highest value was topsoil of bare area adjacent to 
Eucalyptus at 20.00 mS/cm. 
 
Fig. 3-3 Electrical conductivity values (EC1:5) of soils in 4 areas 
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The sodium and calcium concentration of soils at same depth in 4 areas 
showed significantly difference at 95% and 99%. It was observed that sodium 
concentration was the lowest in topsoil of Eucalyptus reforested area at 1.84 mg/kg 
and the highest concentration was topsoil of bare area adjacent to Eucalyptus at 
21,447.86 mg/kg (Fig 3-4, left side).  
Calcium concentration was the lowest in topsoil of Eucalyptus reforested area 
at 10.10 mg/kg and the highest concentration was topsoil of bare area adjacent to 
Acacia at 1,926.84 mg/kg (Fig 3-4, right side). Moreover, there was a tendency that 
the EC1:5 values, sodium and calcium concentration decreased with depth due to 
accumulation of salts at the surface layers. 
 
Fig 3-4 Sodium concentration (left) and calcium concentration of soils (right) in 
4 areas 
As shown in Fig. 3-5 (left side), the total nitrogen concentration of soils in 4 
areas was significantly different at either 95% or 99%. A significant difference at 
95% in the total nitrogen concentration were found in soil of 2
nd
 layer and 3
rd
 layer of 
Eucalyptus area and adjacent bare area, while a significant difference at 99% were 
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found in topsoil of Acacia area and bare area adjacent to Acacia. The highest total 
nitrogen concentration at 522.89 mg/kg was found in Acacia reforested area due to 
high amount of nitrogen in Acacia leaf litters. Low total nitrogen concentration in 
topsoil of Eucalyptus plantation might be due to allelopathic affect of Eucalyptus 
trees to soil macronutrients (Tilashwork, 2009). 
  
Fig. 3- 5 Total nitrogen concentration (left) and total phosphorus concentration 
(right) of soils in 4 areas  
 The total phosphorus concentration of topsoil of Acacia area was 
significantly different at 95% from that of adjacent bare area. The total phosphorus 
concentration found in 4 areas was relatively low ranging from 0.67 to 6.64 mg/kg 
(Fig. 3-5, right side). From the result, the highest value of total phosphorus was 
found in the bare area adjacent to Eucalyptus area, the possibility is frequently 
burning residues in bare area might be increase total phosphorus in soil (Li et al, 
2012). 
 Although 18 development projects of Thai government has been conducting 
in the study area since 1991, the results of this chapter revealed that the soil salinity 
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still severe, especially in bare area. Moreover, the salt affected areas are increasing 
from 31 percent of total district area in 1991 to 35 percent in 2003 (Table 3-3). 
Table 3-3 Changes in salt affected areas in Phra Yun district, Khon Kaen 
province 
Year Severely affected 
area  
(salt crust cover 
more than 50%) 
(ha) 
Strongly affected 
area  
(salt crust cover 
10- 50%) 
(ha) 
Moderately 
affected area  
(salt crust 
cover 1- 10%) 
(ha)  
Total salt 
affected 
area (ha) 
% of total 
area  
(17,200 
ha) 
1991 310 1,480 3,550 5,340 31 
2003 441.6 1,404 4,250 6,095 35 
Source; JICA (1991); REO 10 (2003) 
3.3.3 Strategy for promoting reforestation in salt affected area 
Based on the results of this study, it was supported that reforestation is an 
efficient way to rehabilitate salt affected soil. However, low economical benefit with 
reforestation became the constraint for the locals to grow more trees in salt affected 
area of Khon Kaen province, Thailand (Sakkhamduang et al., 2012; Schofield, 1992; 
Pachot et al., 2009).  
In 2001, Sakkhamduang et al. report that agro-forestry system in Salt affected 
area in Khon Kaen Province had a lower practice than that of in non-salt affected 
area according to the salt affected soil condition. Agro-forestry practices on salt 
affected area can be categorized into five types; patch forests, trees on paddy bunds, 
trees plantations associated with animal husbandry, home gardens and trees in 
vegetable gardens. Moreover, Im-Erb et al. (2004) report that an agro-forestry system 
being promoted on 2003 in recharge area of Nakhon Ratchasima province was well 
accepted by farmers according to their additional income. 
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Thus, agro-forestry system that combined salt tolerant tree with salt tolerant 
or halophyte vegetables or field crops should be introduced to farmers in the study 
area for increasing their income as well as rehabilitating salt affected soil. 
3.4 Conclusions of this chapter 
 Many government projects have been implemented in Phra Yun district since 
1991. The activity of those projects included; introducing salt tolerant rice species to 
farmers, increasing rice productivity by organic fertilizer and green manure 
application. Making groundwater drainage system, promoting salt tolerant tree 
included Eucalyptus camaldulensis and Acacia ampliceps and halophyte grass, 
Sporobolus virginicus in severely salt affected areas as well as planting fast growing 
trees in recharge areas for preventing salinization.  
 However, salt accumulation is still severe, especially in bare areas. In 
addition, it was clearly observed that reforested areas of Eucalyptus and Acacia 
tended to be lower in electrical conductivity, sodium and calcium concentration than 
that of adjacent bare areas. Moreover, Thaweethavornsawat (1999) reported that the 
decreasing of forest area in Phra Yun district increases the distribution of salt patches 
in the area. Thus, it was concluded that reforestation is an effective approach to 
rehabilitate salt affected soil. 
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4.1 Introduction of this chapter 
4.1.1 Background 
As mentioned before in chapter 2, there are several methods and applications 
for rehabilitate salt affected soil as well as preventing salinization. However, some 
applications such as making saline water drainage systems or installing chemical 
geo-textile to prevent saline water capillaries are difficult to be applied by local 
people. 
Reforestation by fast growing trees for lowering saline groundwater level is a 
practice that can be applied by local people for rehabilitating salt affected soil 
(Yamklee et al, 1995, Wada, 1998 and Yuwaniyama, 2011). 
Several organizations in Thailand and overseas had introduced the utilization 
of salt-tolerant trees and plants to solve or to mitigate salinization problem. However, 
local farmers have not adapted planting trees, as it takes long time to gain the profit 
(Vittayakorn, et al, 1994). Thus, the applicable practice that combine the advantage 
of growing trees for mitigating salt affected soils along with generating income 
should be considered to introduce to local people. 
Agro-forestry is an interface between agriculture and forestry and 
encompassed mixed land use practices. Agro-forestry practices are ranging from 
simple forms of shifting cultivation to complex hedgerow intercropping systems. All 
the diverse agro-forestry systems have the purposeful growing or deliberate retention 
of trees with crops and/or animals in interacting combinations for multiple products 
or benefit from the same management unit. Agro-forestry also has three attributes; 
productivity, sustainability and adoptability (Nair, 1993).  
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According to Nair (1985), agro-forestry systems are categorized in to four 
main groups due to their nature of component; 
(1) Agrisilviculture (crops and trees include shrubs/trees and trees), the 
arrangement of components of this category is spatial and mixed dense such as home 
garden. The outputs of components are food, fodder, fuelwood and timber. 
(2) Silvopastoral (pasture/animals and trees), the arrangement of components of 
this category is mixed space such as most systems of trees in pastures or tree 
plantation with animal husbandry. 
(3) Agrosilvopastoral (crops, pasture/animals and trees), the arrangement of 
components of this category is strip of tree and pasture. 
(4) Others (multipurpose tree lots, apiculture with trees, aquaculture with trees, 
etc.), the arrangement of components of this category is temporal, coincident, 
concomitant, overlapping sequential or interpolated.  
Agro-forestry systems for rehabilitating salt affected soils are widely applied 
in several countries such as Australia, Bangladesh, and China and especially in India 
(Singh et al, 2002, Dagar 2005, Zang et al, 2004, Ahmed, 1991 and Eastham et al, 
1993). 
Agro-forestry in Thailand has been practiced long time ago since the Forest 
Village Scheme was introduced by the Forest Industries Organisation of Thailand 
(FIO) in 1967 as an attempt to stop further spread of the fast decreasing shifting 
cultivation and deforestation in the country (Boonkird et al, 1984). 
The taungya reforestation method has been practiced primarily in order to 
rehabilitate waste land, particularly under the Forest Village Program. While various 
combinations of trees and crops are found in the taungya on a minor scale, the major 
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combinations are teak with upland rice in the north, fast growing trees with cassava 
in the northeast, fast growing trees with maize in the west, and Para-rubber or fast 
growing trees in the south. These combinations relate to the differences in climate 
conditions, mainly the duration of the rainy season (Watanabe et al, 1988). 
Tree-fruit-crops are the important of highland cropping systems in northern 
Thailand. Through the study of Withrow-Robinson et al (1999), four groups and 
eleven sub-systems of highland tree-fruit-based agro-forestry were identified. The 
most abundant system was ‘mixed home garden’. 
In Nakorn Ratchasima province, Im-Erb et al (2004) reported that an agro-
forestry system being promoted in recharge area of the province for mitigating salt 
affected soils was well accepted by farmers according to their additional income. It 
was similar to Wannawong et al (1991) that studied about benefit-cost analysis of 
agro-forestry systems consists of combinations of Eucalyptus (Eucalyptus 
camaldulensis), Leucaena (Leucaena leucocephala), or Acacia (Acacia 
auriculiformis) inter-cropped with cassava (Manihot esculenta) or mungbean (Vigna 
radiate). Evidence from trials at short, 3-years rotations, demonstrates that early 
supplementary and complementary relationships between some system components 
can imply synergistic financial gains. In this case, the gains should be sufficient to 
make early adopters consider the agro-forestry system financially preferable to 
traditional monocrops. 
In 2007, Ruaysoongern studied about agro-forestry systems in the northeast 
of Thailand and categorized into following 25 systems, 1) home garden, 2) trees on 
paddy bund 3) trees around pond, 4) trees around water edges, 5) trees surrounds 
water resource, 6) trees with water resource, 7) trees along water source, 8) trees in 
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backyard, 9) trees plantation with undergrowth crops, 10) trees along natural water 
ways, 11) trees in small vegetable garden, 12) vegetable in paddy head land, 13) trees 
around fence line, 14) trees around farm shelters, 15) trees along ditch construction, 
16) trees for farm boundary, 17) agro-forestry in salt affected area, 18) agro-forestry 
in flood prone area, 19) trees in fruit orchard, 20) bamboo plantation, 21) Meliantha 
suavis plantation, 22) Meliantha suavis around pond, 23) trees in commercial 
vegetable garden, 24) economic sufficiency practice and 25) orange plantation in arid 
areas. 
 Base on Nair (1985) and Ruaysoongern (2007), agro-forestry systems that 
frequently found in salt affected and non salt affected areas of northeast, Thailand 
included; 
 Patch forests in farmland, the small number of natural Dipterocarp trees that 
were kept in or at the edge of farmland in order to collect fuelwood, herb or 
mushroom. 
 Trees on paddy bund are the traditional practice of farmers in northeast, 
Thailand that prefer to keep valuable trees on paddy bund. The purposes of keeping 
trees on paddy bund include timber, fuelwood, fruit, resin and shading. Trees found 
on paddy bund are indigenous ones or planted ones. 
 Tree plantation associated with animal husbandry, farmers who have enough 
farmland tend to grow fast growing trees for commercial purpose. In the early year of 
growing trees, animal husbandry was allowed to graze in the plantation in order to 
control weed. Main tree plantations found in northeast, Thailand are Eucalyptus, 
Acacia, Rubber tree and Teak. 
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 Trees in home garden, consist of an assemblage of plants, which may include 
trees, shrubs, vines, and herbaceous plants, growing in or adjacent to a homestead or 
home compound. These gardens are planted and maintained by members of the 
household and their products are intended primarily for household consumption; the 
gardens also have considerable ornamental value, and they provide shade to people 
and animals. 
 Trees in vegetable garden consist of vegetables as the main component. Trees 
are planted for provide shading for vegetable as well as for fuelwood, living fence, 
fruit or ornamental. 
 Trees on farm boundary were planted for indicating the boundary of farmland. 
Asides from being farm boundary, it provides wind break, timber and fuelwood as 
well. 
 Trees and aquaculture, trees were planted around fish pond in order to getting 
fruit, fuelwood, timber. Trees also provide shading to decrease evaporation and 
decrease water temperature. Moreover, tree planted around fish pond can prevent soil 
erosion in to the pond as well. 
4.1.2 Objective of this chapter 
While there were some researches regarding agro-forestry systems in 
Thailand, there were few investigations focusing on agro-forestry practices in salt 
affected area. The objective of this study was to categorize and evaluate the existing 
agro-forestry systems in salt affected and non salt affected areas in Khon Kaen 
Province 
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4.2 Methodology 
The field investigation on existing agro-forestry practices in salt affected 
areas and non salt affected area were conducted in September, 2009 and March 2013 
in Khon Kaen Province, Thailand. Aerial maps were used for identifying the land 
utilization. After the land utilization was identified, agro-forestry practices were 
categorized based on Ruaysoonngern (2007) and Nair (1993). The sampling plots of 
20 m x 20 m. were made for observing plant profiles of each practice. Simpson 
diversity index (1949)  
 
(4-1) 
where;  D = Value of Simpson’s diversity index 
  Pi = proportion of individuals in the ith species 
  s = number of species 
and Shannon’s index (1949)  
 
(4-2) 
where;  H’ = Value of Shannon’s diversity index 
  Pi = proportion of individuals in the ith species 
  ln = natural logarithm 
  s = number of species in community 
were used for calculating diversity index of each sampling plot. Moreover, hearing 
survey to farmers regarding their land utilization also conducted. 
 
𝐷 = (𝑃𝑖2)
𝑠
𝑖=1
 
𝐻′ = − {(
𝑛𝑖
𝑁
𝑠
𝑖=1
) ∙ ln(
𝑛𝑖
𝑁
)} 
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4.2.1 Research sites  
(a) Salt affected area 
Phra Yun district is one of the salt affected areas of Khon Kaen province. 
Agriculture is the main occupation of people in the district while paddy rice and 
sugarcane are the main agricultural products. The average income of people in the 
district is around 1,884 USD per year or around 5.16 USD per day (Phra Yun 
Community Development Office, 2012). Topography of this area ranges from flat 
land to rolling hills, elevation ranges from 175 to 190 m above sea level. In 2003, the 
Regional Environment Office 10 (Khon Kaen) reported that salt affected areas cover 
6,095 hectare or around 35 percent of the district area (REO 10, 2003). 
(b) Non salt affected area 
Nong Rue district is one of the non salt affected areas of Khon Kaen province. 
Agriculture is the main occupation of people in the district while paddy rice, cassava, 
vegetable and sugarcane are main agricultural products. The average income of 
people in the district is around 2,141 USD per year or around 5.86 USD per day 
(Nong Rue Community Development Office, 2012). Topography of this area ranges 
from flat land to rolling hills. Nong Rue district is classified as non-salt affected area 
(REO 10, 2003). 
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Fig. 4-1 Study areas 
4.3 Results and discussion 
4.3.1 Salt affected area 
Land uses in the salt affected areas were classified into paddy field, upland 
field, patch forest along the stream, settlement area and bare area. Five agro-forestry 
systems that found in salt affected area included; 1) patch forests in farmland, 2) 
trees on paddy bunds, 3) tree plantations associated with animal husbandry, 4) trees 
in home gardens and 5) trees in vegetable gardens (Table 4-1). 
 
 
 
 
 
 
 
Salt affected area
Khon Kaen downtownNon-salt affected area
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Table 4-1 Agro-forestry system in salt affected area 
Salt affected area 
Practice Number of plants Plant varieties 
1. Patch forests in farmland 20 4 
2. Trees on paddy bunds 6,403 2 
3. Tree plantation associated with animal 
husbandry 
64 3 
4. Trees in home garden 24 7 
5. Trees in vegetable garden 173 8 
Patch forest in farmland is a small area of natural forest surrounded by naked 
land or farmland, the natural Dipterocarp trees were kept in farmland for collecting 
fuelwood and being source of timber (Fig. 4-2). The villagers can collect fuel wood 
and food such as leaves and flowers. Moreover, the patch forest provides other edible 
plants like mushrooms or shoots. The samples of tree from patch forests were 
Sindora siamensis, Dipterocarpus obtusifolius, Xylia xylocarpa and Lannea 
coromandelica. 
 
 
 
 
 
 
Fig. 4-2 Patch forests in farmland 
As shown in Fig. 4-3, farmers in the northeast of Thailand prefer to keep trees 
in their paddy bunds for getting shades, foods, medicines and construction materials. 
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All of the trees found in the paddy bunds were considered important due to their 
commercial value. Farmers realize that they can gain profits from selling these trees 
in the future. Even the tree’s product like resin is commercially valuable. Shorea 
obtusa was the dominant tree found in the paddy bund. 
 
 
 
 
 
Fig. 4-3 Trees on paddy bunds 
Some farmers with large areas of farmland plant certain varieties of trees and 
let their cows graze in the plantation for weed control (Fig. 4-4). The cows also 
provide natural fertilizer, cow dung, for the trees growing in the plantations. The 
samples of the tree from the plantation were Eucalyptus camaldulensis, Tectona 
grandis and Pterocarpus macrocarpus. 
 
 
 
 
 
Fig. 4-4 Trees in plantations associated with animal husbandry 
As shown in Fig. 4-5, some farmers who have sufficient area in their home 
gardens planted several kinds of tree for foods, construction materials, fuel wood, 
bio-pesticides and herbal medicines. The examples of tree in the home gardens were 
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Bambusa bambos and Thyrsostachys siamensis for handicraft, garden fences and 
temporary construction materials, Sindora siamensis for construction materials and 
furniture, and Azadirachta indica for construction materials, fuel woods, foods, 
herbal medicines and bio-pesticides. Similarly, Annona squamosa was used for 
edible fruits, herbal medicines and bio-pesticides. Fast-growing Anthocephalus 
chinensis was for temporary construction materials and Pennisetum purpureum for 
fodder. 
 
 
 
 
 
Fig. 4-5 Trees in home gardens 
In small vegetable gardens as shown in Fig. 4-6, farmers planted several 
kinds of tree together with vegetables. While waiting for trees to be commercially 
valuable, farmers make profits from vegetables. The trees of Mangifera indica, 
Cocos nucifera, Musa sapientum and Anthocephalus chinensis was used for edible 
fruits and temporary construction materials. The types of vegetables planted with the 
trees were Capsicum frutescens, Ocimum canum, Vigna unguiculata and Cucurbita 
moschata. 
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Fig. 4-6 Trees in vegetable gardens 
Table 4- 2 The utilization of dominant trees found in salt affected area 
Agro-forestry practice Scientific name Utilization 
Patch forest Sindora siamensis Construction 
Trees on paddy bund Shorea obtusa Construction, resin 
Tree plantation associated with 
animal husbandry 
Eucalyptus camaldulensis Construction, pulp paper 
Trees in home garden Bambusa bambos  Construction, handicraft 
Trees in vegetable garden Mangifera indica Edible fruit 
4.3.2 Non salt affected area 
Land uses in the non salt affected areas were classified into paddy field, upland 
field, trees plantation, water bodies, fruit orchards and settlement area. 
Agro-forestry systems in non-salt affected area can be categorized into seven 
types; 1) trees in farm boundary, 2) trees on paddy bunds, 3) tree plantation 
associated with animal husbandry, 4) trees in home gardens, 5) trees in vegetable 
garden, 6) trees in fruit orchards and 7) trees and aquaculture. 
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Table 4-3 Agro-forestry system in non salt affected area 
Non salt affected area 
Agro-forestry practice Number of plants Plant varieties 
1. Trees on farm boundary    204  2 
2. Trees on paddy bund 6,408  3 
3. Tree plantation associated with 
animal husbandry 
     49  1 
4. Trees in home garden 2,247  4 
5. Trees in vegetable garden    686 18 
6. Trees in fruit orchard      16  6 
7. Trees and aquaculture        8  6 
 
 
Fig. 4-7 Trees on farm boundary 
In rural area of northeast, Thailand farmers often grow trees for indicating 
farm boundary because it is cheaper than construct farm fence. Trees that mainly 
grow for indicating farm boundary are valuable trees or fast growing trees such as 
Eucalyptus camaldulensis, Azadirachta indica, Bambusa sp. and so on. As shown in 
Fig. 4-7, Pterocarpus marcrocarpus were grown for indicating boundary of 
sugarcane farm. 
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Fig. 4-8 Trees on paddy bunds 
Farmers in the northeast of Thailand prefer to keep trees on their paddy bunds 
for several purposes such as getting shades, foods, medicines and construction 
materials. Aside from natural trees that farmers keep for the mentioned purposes, in 
non-salt affected area farmers also grown fast growing trees for economical purpose. 
In the sampling plot, Eucalyptus camaldulensis and Azadirachta indica were grown 
on the paddy bund in non-salt affected area for economical purpose (Fig. 4-8). 
 
Fig. 4-9 Tree plantation associated with animal husbandry 
In non salt affected area, farmers who have enough farmland grow 
commercial trees in large area and let their cows graze in the plantation for weed 
control. Beside weed control, cows also provide natural fertilizer, cow dung, for the 
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trees growing in the plantations. The sample of the tree from the plantation was 
Eucalyptus camaldulensis (Fig. 4-9). 
 
Fig. 4-10 Trees in home garden 
As shown in Fig. 4-10, farmers who have sufficient area in their home 
gardens planted various kinds of tree for foods, construction materials, fuel wood, 
and material for handicraft. The examples of tree in the home gardens were Bambusa 
bambos for construction and handicraft, garden fences, Cocos nuciferus and Musa 
sapientum for food, and Cyperus alternifolius for weaving mat. 
 
Fig. 4-11 Trees in vegetable garden 
In vegetable gardens as shown in Fig. 4-11, farmers planted several kinds of 
tree together with vegetables. While waiting for trees to be commercially valuable, 
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farmers make profits from vegetables. For this agro-forestry practice, 18 species of 
plants were found. The trees of Mangifera indica, Cocos nucifera, Musa acuminata, 
Sesbania grandiflora, Moringa oleifera, Averrhoa carambola, Cariya papaya, 
Saccharum officinarum and Acacia auriculiformis were used for edible fruits and 
construction materials. The types of vegetables planted with the trees were Sauropus 
androgynus, Luffa acutangula, Brassica chinensis, Allium sp., Solanum 
xanthocarpum, Capsicum frutescens, Coriandrum sativum, and Lycopersicon 
esculentum. Moreover, Tagetes erecta were grown for making bio-pesticide. 
 
Fig. 4-12 Trees in fruit orchard 
 As shown in Fig. 4-12, farmers grown trees mixed with fruit trees for several 
purposes. In fruit orchard, trees were grown and resulted in multi-storey pattern, the 
highest tree Pterocarpus macrocarpus and Tamarindus indica provided shade to 
Annona squamosa and Dimocarpus longan while Bambusa bambos is the middle 
storey. 
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Fig. 4-13 Trees and aquaculture 
One of agro-forestry practice that cannot be found in salt affected area but 
commonly applied in non salt affected area is trees and aquarculture (Fig. 4-13). In 
this practice, farmers grow several kinds of tree around fish pond for getting fruit, 
construction material and shadow. Moreover, trees around fish pond also provide 
shade that decrease evaporation. Trees found in this practice included; Pterocarpus 
macrocarpus, Mangifera indica, Azadirachta indica, Borassus flabellifer, Leucaena 
leucocephala and Erythophleum succirubrum. 
Table 4-4 The utilization of dominant trees found in the non salt affected area 
Agro-forestry practice Scientific name Utilization 
Trees on farm boundary Pterocarpus macrocarpus Construction 
Trees on paddy bund Eucalyptus camaldulensis Construction 
Tree plantation associated with 
animal husbandry 
Eucalyptus camaldulensis Construction, pulp paper 
Trees in home garden Cocos nucifera Fruit, fiber, construction 
Trees in vegetable garden Mangifera indica Edible fruit, construction 
Trees in fruit orchard Tamarindus indicus Edible fruit, construction 
Trees and aquaculture Azadirachta indica Edible leaves, pesticide 
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 Trees found on the paddy bund in salt affected area are the trees that 
surviving from the forest while trees that found on paddy bund in non salt affected 
area are domesticated or new introduced trees. The result is similar to Vityakon 
(1993) that found out that surviving trees were once part of dry Dipterocarp forest 
while the domesticated or new introduced trees are grown intentionally. 
4.3.3 Evaluation on agro-forestry system in salt affected and non salt affected 
areas 
The results of the field investigation of agro-forestry systems in salt affected 
and non salt affected areas in Khon Kaen Province indicated that the agro-forestry 
systems in salt affected area has a lower variety than that in non salt affected area at 
5 and 7, respectively (Fig. 4-14). 
 
Fig. 4-14 Agro-forestry systems in salt affected and non salt affected areas 
The plant varieties in each agro-forestry systems in salt affected area ranging 
from 1 to 8 were smaller than that of non salt affected area that ranging from 1 to 18. 
Also, total plant species that were found in agro-forestry systems in salt affected area 
5
7
0
1
2
3
4
5
6
7
8
Salt affected area Non Salt affected 
area
N
u
m
b
e
r
 o
f 
p
r
a
c
ti
c
e
/k
m
2
Agro-forestry 
systems
79 
 
were lower than that in non salt affected area at 24 and 40 species, respectively (Fig. 
4-15). Moreover, total plant number that were found in agro-forestry systems in salt 
affected area were lower than that in non salt affected area at 6,684 and 9,618 plants, 
respectively (Fig. 4-16). 
 
Fig. 4-15 Total plant species found in agro-forestry systems in salt affected and 
non salt affected areas 
 
Fig. 4-16 Total number of plant found in agro-forestry systems in salt affected 
and non salt affected areas 
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Table 4-5 Simpson diversity index of plant species found in each agro-forestry 
system in salt affected and non salt affected area 
Salt affected area Non-salt affected area 
Practice 1/D Practice 1/D 
1. Patch forests in farmland 2.666 1. Patch forests in farmland non observed 
2. Trees on farm boundary non observed 2. Trees on farm boundary 1.040 
3. Trees on paddy bunds 1.001 3. Trees on paddy bund 1.002 
4. Tree plantation 
associated with animal 
husbandry 
1.134 
4. Tree plantation associated   
with animal husbandry 
1.000 
5. Trees in home garden 2.909 5. Trees in home garden 1.006 
6. Trees in vegetable 
garden 
3.111 6. Trees in vegetable garden 34.735 
7. Trees in fruit orchard non observed 7. Trees in fruit orchard 3.459 
8. Trees around fish pond non observed 8. Trees around fish pond 9.142 
 
Table 4-6 Shannon diversity index of plant species found in each agro-forestry 
system in salt affected and non salt affected area 
Salt affected area Non salt affected area 
Practice 
Shannon 
Diversity 
index 
Practice 
Shannon 
Diversity 
index 
1. Patch forests in farmland 1.165 1. Patch forests in farmland non observed 
2. Trees on farm boundary non observed 2. Trees on farm boundary 0.097 
3. Trees on paddy bunds 0.004 3. Trees on paddy bund 0.010 
4. Tree plantation 
associated with animal 
husbandry 
0.279 
4. Tree plantation 
associated with animal 
husbandry 
0.000 
5. Trees in home garden 1.098 5. Trees in home garden 0.024 
6. Trees in vegetable 
garden 
1.174 
6. Trees in vegetable 
garden 
0.512 
7. Trees in fruit orchard non observed 7. Trees in fruit orchard 1.284 
8. Trees around fish pond non observed 8. Trees around fish pond 1.126 
 
The results of Simpson diversity index and Shannon’s index revealed that the 
diversity of plants in agro-forestry systems in non-salt affected area are higher than that 
of in salt affected area except in the practices of tree plantation associate with animal 
husbandry and trees in home garden. In the tree plantation associated with husbandry 
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in salt affected soil, farmer kept all natives trees in the plantation due to the 
economic purpose. Meanwhile, in the plantation in non-salt affected area farmer cut 
all native trees before start to made plantation due to it is more convenience to 
manage and harvest. 
In home garden of salt affected area, farmers grown trees and plants as much as 
possible in their home garden due to the soil is less affected by salinization compare 
to their farmland. Meanwhile, in non-salt affected area, farmer can grown all kind of 
trees and plants in their farmland. Thus, it makes the diversity of plant in home 
garden of non-salt affected area lower than that in salt affected area. 
4.4 Conclusion of this chapter 
Existing agro-forestry systems in salt affected and non salt affected areas of 
Khon Kaen Province were investigated in this study. The agro-forestry systems 
found in salt affected area were patch forests, trees on paddy bunds, tree plantation 
associated with animal husbandry, trees in home gardens and trees in vegetable 
gardens.  
The agro-forestry systems found in non salt affected area were trees on farm 
boundary, trees on paddy bund, tree plantation associated with animal husbandry, 
trees in home garden, trees in vegetable garden, trees in fruit orchard and trees 
around fish pond. 
The results of Simpson diversity index and Shannon’s index revealed that the 
diversity of plants in agro-forestry systems in non-salt affected area are higher than that 
of in salt affected area except in the systems of tree plantation associate with animal 
husbandry and trees in home garden.  
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Moreover, the varieties of plants in the salt affected area were lower than that 
in the non salt affected areas. Based on the investigated results, it was proposed that 
the suitable agro-forestry system with higher varieties of plant should be introduced 
in salt affected area. 
So, it was proposed that farmers in salt affected area should increase the 
diversity of plant for increasing the diversity and their income as well as 
rehabilitating salt affected soil. 
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Chapter 5 
Application of salt tolerant and halophyte vegetables  
in agro-forestry systems for rehabilitating  
salt affected soils 
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5.1 Introduction of this chapter 
5.1.1 Background 
Plant species vary in how well they tolerate salt-affected soils. Some plants 
will tolerate high level of salinity while others can tolerate little or no salinity. The 
relative growth of plants in the presence of salinity is termed their slat tolerance. Salt 
tolerances are usually given in term of the stage of plant growth over a range of 
electrical conductivity (EC) levels (Government of Alberta, 2011). 
Salt tolerant and halophyte plants had been using for rehabilitating salt 
affected soils in several countries such as Australia, India, Turkey, Iran and The 
United States of America (Grieve and Suarez, 1997; Anac et al., 2005, Shekhawat et 
al., 2006; Hamidove et al., 2007, etc.). According to Smittinan (1989), salt halophyte 
trees such as Eucalyptus sp., Acacia ampliceps and Casuarina sp. had been 
introduced to local farmers in northeast of Thailand for rehabilitating salt affected 
soil since 1985. However, the economical return from planting tree is slow. It 
became the constraint for local farmer to grow more trees in salt affected area 
(Schofield, 1992; Pachot et al., 2009). 
In the study area, farmers who have enough farmland tend to grow fast 
growing trees such as Eucalyptus camaldulensis, Acacia ampliceps, A. mangium or A. 
auriculiformis for commercial purpose. In the early years of growing trees, animal 
husbandry is allowed to graze in the plantation in order to control weed. However, 
after trees have grown enough, the space between trees has not use for any purpose.  
Thus, salt tolerant and halophyte vegetables including Chinese kale, tomato 
and purslane were grown in the spaces of trees in Eucalyptus and Acacia plantations 
and the adjacent bare areas in rainy season and dry season. Three types of vegetable 
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were selected according to the degree of salt tolerant as shown in Table 1. The idea 
of combining other crops with tree plantation for motivating farmers to grow more 
trees to control salinity is widely applied in Australia (Schofield, 1992). 
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Table 5-1 Degree of salt tolerant of some kinds of plant 
Electrical 
conductivity 
(dS/m) 
2 4 8 12 to 16 >16 
% of sodium 0.12 0.25 0.5 0.75 to 1.0  
Degree of 
salinity 
Slightly saline Moderately saline highly saline Severely saline 
Effect to plant Some kind of 
plant is damage 
General plant will 
affected 
Some salt tolerant or halophyte plant can give product 
Vegetable 
Note: For the 
indicated 
degree of 
salinity, plant 
can grow and 
yield will 
decrease less 
than 50% 
Yard long bean Guard Cauliflower Spinash  
Lettuce Bell pepper Cabbage Turnip  
Celery Bean Potato Tomato  
pepper Guard Garlic Bush bean  
Cucumber Onion Shallot Chaom  
Melon Sweet corn Watermelon Chinese kale  
Cucumber Lettuce Melon Basil  
Eggplant Japanese cucumber Pineapple Water morning glory  
 Broccoli Asparagus   
Coriander   
Flower 
 Gerbera Rose Allamanda Purslane 
 Everlasting Globe Ixora 
 Rangoon creeper  
 Hibiscus  
 Bougainvillea  
Cash crop and fodder 
 Mung bean Rice Manila grass Cotton Dixie grass 
 Soy bean Indian Sesbania Jointvetch Dog tooth grass Smearna grass 
 Peanut Chinese grass Salt tolerant rice Hybrid-Napier grass Seabrook grass 
 Red kidney bean Sunflower Safflower Torpedo grass Gorgia grass 
 Kidney bean Kenaf African Sesbania Nut grass Carla grass 
 Black bean Corn Sweet potato Agave  
 Broad bean Mulbery Buffalo grass   
 Sesame Sorghum Guinea grass    
  Gold beard grass     
  Blue pea     
  Cassava     
  Cowpea     
  Sword bean     
Tree and fruit tree 
 Avocado Pomgranate Acacia 
auricuriformis 
Sapodilla Mangrove tree 
 Banana Oil palm Cassod tree Jujube Suaeda maritima 
 Lychee Rose apple Guava Tamarind Carunda 
 Lemon Olive Eucalyptis sp Coconut Paper bark tree 
 Orange Sesbania Cashew nut Date palm Olive mangrove 
 Mango Fig Star goosebery Casuarina sp Acacia amplicept 
  Grape Terminalia Neem  
   Manila tamarind    
Source: Panchaban, 2003  
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5.1.2 Characteristics of selected vegetables 
 Although there are more than 130 crop species that tolerate to high salt 
concentration in soil (Shannon and Grieve, 1999) there are only 35 kinds of 
vegetable that classified by Land Development Department of Thailand as salt 
tolerant vegetables (Panchaban, 2003). The selected vegetables for this research were 
based on the suitable to climate in Thailand, natural distribution and the favorite of 
farmers and consumers (Kanjanamangsak et al, 2010). 
(a) Chinese kale 
  
Fig. 5-1 Chinese kale 
Chinese kale is a leaf vegetable featuring thick, flat, glossy blue-green leaves 
with thick stems and a small number of tiny flower heads. Chinese kale belongs to 
the species Brassica oleracea, but it is in the group alboglabra. Its flavor is very 
similar to that of broccoli, but slightly bitterer. Chinese kale is eaten widely in 
Chinese cuisine, and especially in Cantonese cuisine. Common preparations include 
stir-fried with ginger and garlic, and boiled or steamed and served with oyster sauce. 
It is also common in Vietnamese cuisine, Myanmar and Thai cuisine. 
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 Chinese kale is one of the popular vegetables that cultivated in Thailand. In 
2009, the Office of Agricultural Economics reported that there was 14,806.56 hectare 
of Chinese kale cultivated in Thailand with average yield of 1,540 kilogram per rai 
(1,600 m
2
) and generated income of 1,625 million baht. Moreover, the National 
Bureau of Agricultural Commodity and Food Standard (2006) reported that Thai 
people consumed Chinese kale 9.13 g/person/day. However, Chinese kale is one of 
the most pesticides contaminated in Thailand (Kanjanamangsak et al, 2010). 
 The desirable soil condition to grow Chinese kale are well-drained and fertile 
with ample moisture, however it can be grown in sandy-loam and saline soils (The 
World Vegetable Center, nd). In 2010, Kongdee and Inmuong reported that Chinese 
kale that grown in salt affected soil EC 4.02-4.07 with chemical fertilizer application 
can get high yield.  
(b) Tomato 
 
Fig. 5-2 Tomatoes in various shapes 
Tomato is the edible fruit of the plant Solanum lycopersicum, commonly 
known as a tomato plant. Tomato originated in Mexico, and spread around the world 
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following the Spanish colonization of the Americas. Many varieties of tomato are 
now widely grown, sometimes in greenhouses in cooler climates. 
The tomato is consumed in various ways, including raw, as an ingredient in 
many dishes, sauces, salads, and drinks. The fruit is rich in lycopene, which may 
have beneficial health effects. Lycopene has also been shown to improve the skin's 
ability to protect against harmful UV rays. Natural genetic variation in tomatoes and 
their wild relatives has given a genetic plethora of genes that produce lycopene, 
carotene, anthocyanin, and other antioxidants. (Mourvaki, et al., 2005).An average 
common tomato weighs 102–105 grams.  
Salt tolerate degree of tomato is different due to sources of information, in 
2001 and 2002, Panchaban and Ta-oun found that tomato can be grown successfully 
in severely saline soils at ECe 14.3 mS/cm with the proper fertilizer and irrigation 
management. However, Rashid et al., (2010) reported that growing tomatoes under 3 
and 6 mS/cm irrigation water produced the highest yield whereas irrigating with 9 
mS/cm significantly reduced the final fruit number and fruit weight. In 2004, 
Mahmoud et al., proposed that using wild grown halophyte plant to decrease soil 
salinity before growing tomato enhanced tomato yield in Pakistan. On the other hand, 
Heckman (2009), report that adding sodium chloride that derived from a marine 
deposit to tomato made it more preferable taste. 
(c) Purslane 
Purslane (Portulaca oleracea), also known as Verdolaga, Pigweed, Little 
Hogweed, or Pursley, and Moss rose is an annual succulent in the family 
Portulacaceae, which may reach 40 cm in height. 
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Approximately forty varieties of purslane are currently cultivated. Purslane 
distributes from North Africa through the Middle East and the Indian Subcontinent to 
Malaysia and Australia. It is naturalized elsewhere and in some regions is considered 
an invasive weed. It has smooth, reddish, mostly prostrate stems and alternate leaves 
clustered at stem joints and ends. The yellow flowers have five regular parts and are 
up to 6 mm wide. Purslane has a taproot with fibrous secondary roots and is able to 
tolerate poor, compacted soils and drought. 
 
Fig. 5-3 Purslane 
Although purslane is considered a weed in the United States, it is eaten as a 
leaf vegetable in several countries. It has a slightly sour and salty taste and is eaten 
throughout much of Europe, the middle-east, Asia, and Mexico. The stems, leaves 
and flower buds are all edible. Purslane may be used fresh as a salad, stir-fried, or 
cooked as spinach is. 
Purslane contains more omega-3 fatty acids than any other leafy vegetable 
plant. (Simopoulos, 2004). Studies have found that purslane has 0.01 mg/g of 
eicosapentaenoic acid (EPA). This is an extraordinary amount of EPA for a land-
based vegetable source. EPA is an Omega-3 fatty acid found mostly in fish, some 
algae, and flax seeds. It also contains vitamins (mainly vitamin A, vitamin C, 
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Vitamin E (alpha-tocopherol) and some vitamin B and carotenoids), as well as 
dietary minerals, such as magnesium, calcium, potassium, and iron (Simopoulos, et 
al., 1992). 
As mentioned that purslane can grow in poor, compact soil in drought area. 
Several studies attempted to use purslane as bioremediation plant. Hamidov et al., 
(2007) reported that purslane could be use to combat salinity and rehabilitate saline 
soils in the northern part of Uzbekistan according to the salt removal ability. 
Grieve and Suarez (1997) reported that purslane appears to be an excellent 
candidate for inclusion in saline drainage water reuse system due to it’s highly 
tolerant of both chloride-and sulfate- dominated salinities and a valuable, nutritive 
vegetable crop for human consumption and for livestock forage. 
In 2005, Anac et al., reported that according to short vegetation period, high 
biomass production and Na accumulating capacity, purslane is accepted as the most 
promising salt removing crop. 
5.1.3 Objectives of this chapter 
The objectives of this chapter were; to compare growth and yield of vegetables 
grown in tree plantations and that in adjacent bare areas as well as investigate sodium 
absorption capacity of salt tolerant and halophyte vegetables for rehabilitating salt 
affected soil. 
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5.2 Methodology 
 
Fig. 5-4 Experiment areas 
 
Fig. 5-5 Vegetable seedlings 
For comparison, Chinese kale, tomato and purslane were grown in 
Eucalyptus and Acacia plantations and adjacent bare areas in August 17-September 5, 
2012 (rainy) and February 24 – March 15, 2013 (dry season). Three vegetable ridges 
of 0.6m x 2.4m were set in Eucalyptus and Acacia plantation and in adjacent bare 
areas. Seedlings at age of 20 days after germinated of Chinese kale, tomato and 
purslane were grown in separate ridge of each site. Chemical fertilizer was applied in 
Acacia area
Eucalyptus area
Bare area
Bare area
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each ridge at the same rate of 10 g/m
2
. Irrigation water of 0.07 mm/day was supplied 
to each plot except in the rainy day. 
Vegetables’ height was measured at planted day, 10 days and 20 days after 
planted. Moreover, vegetables’ fresh weight was measured after harvested at 20 days. 
Sodium concentration in each vegetable was measured after vegetables were oven 
dried at 105  C for 24 hours. 
For investigating the changes of soils chemical properties, soil samples were 
collected from each vegetable ridge at planted day, 10 days and 20 days after planted. 
EC1:5 value, sodium and calcium concentration in soils were analyzed. 
5.3 Results and discussion 
5.3.1 Results of growing vegetables in rainy season 
The survival rate of Chinese kale grown in Eucalyptus plantation was 87.50 
percent, tomato was 100.00 percent and purslane was 95.83 percent. While the 
survival rate of Chinese kale grown in bare area adjacent to Eucalyptus plantation 
was 0.00 percent, tomato was 0.00 percent and purslane was 33.33 percent (Fig. 5-6). 
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Fig. 5- 6 Survival rate of vegetables grown in Eucalyptus plantation and 
adjacent bare area (rainy season) 
As shown in Fig. 5-7, the survival rate of Chinese kale grown in Acacia 
plantation was 0.00 percent, tomato was 75.00 percent and purslane was 100.00 
percent. While the survival rate of Chinese kale grown in bare area adjacent to 
Acacia plantation was 0.00 percent, tomato was 0.00 percent and purslane was 0.00 
percent.  
 
Fig. 5-7   Survival rate of vegetables grown in Acacia plantation and adjacent 
bare area (rainy season) 
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The harvested yield of Chinese kale grown in Eucalyptus plantation was 441.3 
g/10 m
2
, tomato was 954.2 g/10 m
2
 and purslane was 1,998.8 g/10 m
2
. While in bare 
area adjacent to Eucalyptus plantation can harvested only purslane and the yield was 
228.8 g/10 m
2
 as shown in Fig. 5-8. 
 
Fig. 5-8 Harvest yield of vegetables grown in Eucalyptus plantation and 
adjacent bare area (rainy season) 
As shown in Fig. 5-9, the harvested yield of tomato grown in Acacia plantation 
was 390.6 g/10 m
2
, and purslane was 350.3 g/10 m
2
. However, Chinese kales grown 
in Acacia plantation could not survive. Moreover, vegetables that were grown in bare 
area adjacent to Acacia plantation could not survive as well due to water logged.  
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Fig. 5-9  Harvest yield of vegetables grown in Acacia plantation and adjacent 
bare area (rainy season) 
The results of vegetables growth showed a significant difference at 99 percent 
of crop yield between vegetable grown in tree plantations and adjacent bare areas. 
The highest yield and survival rate were found both in the Eucalyptus and Acacia 
plantations. 
The results of sodium concentration in vegetables grown in Eucalyptus 
plantation showed that sodium concentrations in Chinese kale, tomato and purslane 
were 22.75, 4.32 and 28.07 mg/kg respectively (Fig. 5-10). 
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Fig. 5-10 Sodium concentrations in vegetables grown in Eucalyptus plantation 
(rainy season) 
 In bare area adjacent to Eucalyptus plantation, only purslane could survive 
and sodium concentration in purslane was 38.56 mg/kg (Fig. 5-11). 
 
Fig. 5-11 Sodium concentrations in vegetables grown in bare area adjacent to 
Eucalyptus plantation (rainy season) 
The results of sodium concentration in vegetables grown in Acacia plantation 
showed that sodium concentrations in tomato and purslane were 21.73 and 35.06 
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mg/kg respectively while Chinese kale could not survive due to flood in vegetable 
ridge (Fig. 5-12). 
 
Fig. 5-12 Sodium concentrations in vegetables grown in Acacia plantation  
(rainy season) 
 The results of sodium concentration in vegetables showed that purslane had 
the highest sodium concentration among the other vegetables. 
 Besides analyzing sodium concentration in vegetables, chemical properties of 
soils from each vegetable ridge were analyzed for investigating the changes of soils 
before, during and after planting vegetables. Table 5-2 show EC1:5 values of soils 
during the field experiment. 
 The EC1:5 values of soils in almost vegetable ridges showed the same 
tendency that decrease sharply after planting day due to the continuous rainy days. 
However, in Eucalyptus plantation the EC1:5 values were slightly changed (Fig 5-13 
to 5-15). 
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Table 5- 2 EC1:5 of soils in vegetable ridges in 4 areas (rainy season) 
Area Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Vegetable ridges in Eucalyptus plantation   
Chinese kale 0.06 0.03 0.08 
Tomato 0.05 0.04 0.07 
Purslane 0.05 0.05 0.07 
Vegetable ridges in bare area adjacent to Eucalyptus  
Chinese kale 2.59 0.07 0.04 
Tomato 2.98 0.14 0.39 
Purslane 2.10 0.10 0.02 
Vegetable ridges in Acacia plantation   
Chinese kale 2.17 0.64 0.61 
Tomato 2.04 0.13 0.04 
Purslane 1.08 0.80 0.35 
Vegetable ridges in bare area adjacent to Acacia   
Chinese kale 7.10 1.69 1.77 
Tomato 6.42 0.74 0.84 
Purslane 8.10 1.48 0.91 
 
 
Fig. 5-13 EC1:5 values of soils in Chinese kale ridges grown in 4 plots  
(rainy season) 
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Fig. 5-14 EC1:5 values of soils in tomato ridges grown in 4 plots (rainy season) 
 
Fig. 5-15 EC1:5 values of soils in purslane ridges grown in 4 plots (rainy season) 
The sodium concentrations of soils in all vegetable ridges showed the same 
tendency that decrease sharply after planting day due to the continuous rainy days. 
(Fig 5-16 to 5-18). 
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Table 5-3 Sodium concentration of soils in vegetable ridges in 4 areas (rainy 
season) 
Area Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Vegetable ridges in Eucalyptus plantation   
Chinese kale 1,100.00 209.00 69.00 
Tomato 983.33 225.00 92.33 
Purslane 843.33 217.67 72.33 
Vegetable ridges in bare area adjacent to Eucalyptus  
Chinese kale 3,300.00 740.00 98.33 
Tomato 7,033.33 1,310.00 760.00 
Purslane 2,400.00 546.66 58.33 
Vegetable ridges in Acacia plantation   
Chinese kale 3,633.33 3,033.33 1316.67 
Tomato 2,200.00 800.00 159.33 
Purslane 2,966.66 3,266.67 683.33 
Vegetable ridges in bare area adjacent to Acacia   
Chinese kale 2,200.00 4,233.33 3,033.33 
Tomato 2,366.67 3,100.00 2,300.00 
Purslane 3,500.00 3,600.00 2,266.67 
 
 
Fig. 5-16 Sodium concentration of soils in Chinese kale ridges grown in 4 plots 
(rainy season) 
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Fig. 5-17 Sodium concentration of soils in tomato ridges grown in 4 plots (rainy 
season) 
 
Fig. 5-18  Sodium concentration of soils in purslane ridges grown in 4 plots 
(rainy season) 
The calcium concentrations of soils in allt vegetable ridges showed the same 
tendency that decrease sharply after planting day due to the continuous rainy days 
(Fig. 5-19 to 5-21). 
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Table 5-4 Calcium concentration of soils in vegetable ridges in 4 areas  
(rainy season) 
Area Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Vegetable ridges in Eucalyptus plantation   
Chinese kale 132.67 28.67 69.00 
Tomato 97.00 39.33 61.33 
Purslane 116.67 40.00 53.66 
Vegetable ridges in bare area adjacent to Eucalyptus  
Chinese kale 85.33 136.00 34.00 
Tomato 1,010.00 126.33 46.66 
Purslane 473.33 122.00 21.00 
Vegetable ridges in Acacia plantation   
Chinese kale 380.00 64.33 73.00 
Tomato 68.00 36.00 22.67 
Purslane 400.00 80.33 71.00 
Vegetable ridges in bare area adjacent to Acacia   
Chinese kale 673.33 107.00 174.33 
Tomato 813.33 62.00 86.33 
Purslane 1260.00 111.00 94.33 
 
 
Fig. 5-19 Calcium concentration of soils in Chinese kale ridges grown in 4 plots 
(rainy season) 
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Fig. 5-20 Calcium concentration of soils in tomato ridges grown in 4 plots  
(rainy season) 
 
Fig. 5-21 Calcium concentration of soils in purslane ridges grown in 4 plots 
(rainy season) 
The chemical properties of soils in vegetable ridges (EC1:5 values, sodium 
and calcium concentrations) were measured before growing, 10 days and 20 days 
after growing vegetables. The results revealed that in the rainy season the EC1:5 
values, sodium and calcium concentration in every ridge drastically decreased from 
the planted day to the harvested day. However, it cannot be concluded that it was a 
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result from vegetable absorption of salt component because that at that time there 
were continuous raining days that might leached salt component in top soil to the sub 
soil. 
 
Fig. 5- 22 Precipitation during field experiment from August 17 to September 5, 
2012 (rainy season) 
5.3.2 Results of growing vegetables in dry season 
The results of growing vegetables in dry season showed a significant 
difference at 99% of crop yield between the Eucalyptus plantation and other areas 
(Fig. 5-23). Only purslane could survive Eucalyptus plantation, Chinese kale and 
tomato were died before harvesting day due to the seedlings were too weak for the 
harsh environment of dry season. The vegetables grown in bare area adjacent to 
Eucalyptus plantation, in Acacia plantation and bare area adjacent to Acacia were 
died during 10 days after planting due to severe soil salinity. 
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Fig. 5-23 Survival rate of vegetables grown in Eucalyptus plantation and 
adjacent bare area (dry season) 
 
Fig. 5- 24 Yield of vegetables grown in Eucalyptus plantation and adjacent bare 
area (dry season) 
Figure 5- 24 showed the harvested yield of purslane grown in the Eucalyptus 
reforested area was relatively low at 676.80 g/10 m
2 
compared to the yield of rainy 
season. The results of sodium concentration in vegetables showed that purslane 
grown in the Eucalyptus reforested area had the sodium concentration at 56.46 mg/kg 
(Fig. 5-25). 
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Fig. 5-25 Sodium concentration in vegetables grown in Eucalyptus plantation 
(dry season) 
The chemical properties of soils in vegetable ridges (EC, sodium and calcium 
concentration) were measured before growing, 10 days and 20 days after growing 
vegetables same as in rainy season.  
Table 5- 5 showed the results of EC1:5 values of soils in every vegetable ridge 
in dry season. The EC1:5 values in bare area adjacent to Eucalyptus, Acacia plantation 
and bare area adjacent to Acacia plantation drastically decreased from the values in 
the planted day to the 10
th
 day of planting due to there was heavy rain on the 7
th
, 8
th
 
and 9
th
 day. However, the EC1:5 values in every vegetable ridge increased sharply 
after the 10
th
 day to the harvested day (Fig. 5-26 to 5-28). The increases of EC1:5 
values due to no rainfall associated with high evaporation. In the other hand, the 
EC1:5 values of soils in vegetable ridges in Eucalyptus plantation slightly change, the 
reason might be the EC1:5 values of soils in Eucalyptus were very low compared to 
other areas, moreover, it was less evaporation due to under trees shades. 
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Table 5-5 EC1:5 of soils in vegetable ridges in 4 areas (dry season) 
Area Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Vegetable ridges in Eucalyptus plantation 
  Chinese kale 0.08 0.07 0.09 
Tomato 0.09 0.06 0.09 
Purslane 0.09 0.06 0.09 
Vegetable ridges in bare area adjacent to Eucalyptus 
 Chinese kale 19.45 3.50 4.09 
Tomato 30.13 4.27 6.77 
Purslane 18.73 4.14 7.25 
Vegetable ridges in Acacia plantation 
  Chinese kale 2.45 1.30 2.90 
Tomato 6.99 2.37 3.74 
Purslane 4.92 2.45 3.89 
Vegetable ridges in bare area adjacent to Acacia 
  Chinese kale 17.73 5.84 14.14 
Tomato 14.37 6.72 11.38 
Purslane 22.27 7.12 10.32 
 
Fig. 5-26  EC1:5 values of soils in Chinese kale ridges grown in 4 plots  
(dry season) 
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Fig. 5-27 EC1:5 values of soils in tomato ridges grown in 4 plots (dry season) 
       
Fig. 5-28 EC1:5 values of soils in purslane ridges grown in 4 plots (dry season) 
Table 5-6 showed the results of sodium concentration of soils in vegetable 
ridges in dry season. The sodium concentration of soils in almost every vegetable 
ridge except in Eucalyptus plantation drastically decreased from the values in the 
planted day to the 10
th
 day of planting due to there was heavy rain on the 7
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9
th
 day. However, the sodium concentration in every vegetable ridge increased 
sharply after the 10
th
 day to the harvested day (Fig. 5- 29 to 5-31). 
Table 5-6 Sodium concentration of soils in vegetable ridges in 4 areas 
(dry season) 
Area Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Vegetable ridges in Eucalyptus plantation 
  Chinese kale 76.96 72.97 90.30 
Tomato 82.50 67.83 85.93 
Purslane 89.53 76.20 83.53 
Vegetable ridges in bare area adjacent to Eucalyptus 
 Chinese kale 35,570.00 14,400.00 15,400.00 
Tomato 51,780.00 21,366.67 22,866.67 
Purslane 40,633.33 19,733.33 23,566.67 
Vegetable ridges in Acacia plantation 
  Chinese kale 10,166.67 2,333.33 10,166.67 
Tomato 24,800.00 5,533.33 13,566.67 
Purslane 25,000.00 7,466.67 14,300.00 
Vegetable ridges in bare area adjacent to Acacia 
  Chinese kale 34,800.00 16,966.67 39,666.67 
Tomato 30,533.33 20,666.67 32,966.67 
Purslane 40,600.00 20,900.00 31,200.00 
 
Fig. 5- 29 Sodium concentration of soils in Chinese kale ridges grown in 4 plots 
(dry season) 
0
5000
10000
15000
20000
25000
30000
35000
40000
45000
0 10 20
S
o
d
iu
m
 c
o
n
c
e
n
tr
a
ti
o
n
  
(m
g
/k
g
)
Time (day)
Chinese kale in 
Eucalyptus
Chinese kale in 
adjacent bare area of 
Eucalyptus
Chinese kale in 
Acacia
Chinese kale in 
adjacent bare area of  
Acacia
114 
 
 
Fig. 5- 30 Sodium concentration of soils in tomato ridges grown in 4 plots  
(dry season) 
 
Fig. 5- 31 Sodium concentration of soils in purslane ridges grown in 4 plots 
(dry season) 
 Table 5- 7 showed the results of calcium concentration of soils in vegetable 
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9
th
 day. However, the calcium concentration in every vegetable ridge increased 
sharply after the 10
th
 day to the harvested day (Fig. 5- 32 to 5-34). 
Table 5-7 Calcium concentration of soils in vegetable ridges in 4 areas  
(dry season) 
Area Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Vegetable ridges in Eucalyptus plantation 
  Chinese kale 131.33 61.00 72.33 
Tomato 95.33 57.00 55.67 
Purslane 103.33 64.33 61.00 
Vegetable ridges in bare area adjacent to Eucalyptus 
 Chinese kale 2,870.00 910.00 923.33 
Tomato 4,693.33 1,310.00 1,356.67 
Purslane 3,783.33 1,196.67 1,403.33 
Vegetable ridges in Acacia plantation 
  Chinese kale 756.67 223.33 596.67 
Tomato 1,730.00 380.00 696.67 
Purslane 1,586.67 560.00 776.67 
Vegetable ridges in bare area adjacent to Acacia 
  Chinese kale 2546.67 840 2,976.67 
Tomato 1,410 1,220 2,506.67 
Purslane 3,123.33 1,253.33 2,333.33 
 
Fig. 5- 32 Calcium concentration of soils in Chinese kale ridges grown in 4 plots  
(dry season) 
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Fig. 5-33 Calcium concentration of soils in tomato ridges grown in 4 plots  
(dry season) 
 
Fig. 5- 34 Calcium concentration of soils in purslane ridges grown in 4 plots  
(dry season) 
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Fig. 5-35  Precipitation during field experiment from February 24 to March 15, 
2013 (dry season) 
5.4 Conclusions of this chapter 
 Although sodium concentrations of Chinese kale, tomato and purslane grown 
for 20 days were in the ranges of 21.0 to 22.8 mg/kg, 4.3 to 21.8 mg/kg and 28.0 to 
56.5 mg/kg, respectively, these amounts of sodium absorbed were remarkably 
smaller than that of changes in soil sodium concentrations ranged from 733 mg/kg to 
19,700 mg/kg. Accordingly, it was evaluated that the amounts of sodium absorbed by 
salt tolerant and halophyte vegetables were negligible compared to sodium amounts 
transported by vertical soil water movement. So, it was hard to rehabilitate salt 
affected soils with cultivating salt tolerant and halophyte vegetables.  
However, it may be concluded that growing vegetables in Eucalyptus plantation 
area in rainy season is the best to get higher yields and survival rates. Agro-forestry 
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system that combined fast growing trees with salt tolerant or halophyte vegetables 
can be introduced to local people in the study area to promote reforestation as well as 
to increase their income. 
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Overall conclusions of this dissertation 
The main cause of salt accumulation problem in northeast of Thailand comes 
from the rock salt stratum, called Mahasarakam formation, laying under soil surface 
at 100 to 200 m deep. Salt components rising is associated with soil water rise to 
ground surface. Moreover, the expanding of salinization is accelerated by 
deforestation. Recently, salt affected area covers 2.85 million hectares or around 17% 
of total area of the region. In Khon Kaen province, salt affected soil covers around 
10.85% of the province. Among the several practices for controlling saline 
groundwater level in order to mitigate salt accumulation, reforestation is 
recommended to local villagers as it is applicable, simple and effective method. 
However, low economical return is constraint that makes villagers not grow more 
trees in salt affected areas. Accordingly, attention has been paid to agro-forestry 
system that combined salt tolerant trees with salt tolerant or halophyte vegetables in 
northeastern Thailand. So, the objective of this study was to propose applicable agro-
forestry systems in salt affected soils of northeastern Thailand.  
Many researches and development projects have been conducted in Phra Yun 
district of Khon Kaen province since 1988. There were 18 development projects 
conducted by the Land Development Department of Thailand since 1999 to the 
present. Furthermore, 2 long term projects of Japan International Cooperation 
Agency (JICA) had been implemented in this area from 1988 to 1993. The contents 
of those projects included; introducing salt tolerant rice species to farmers, increasing 
rice productivity by organic fertilizer and green manure application, constructing 
groundwater drainage system, constructing polder system for controlling 
groundwater and surface water as well as eliminating soil salinity inside the system, 
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promoting salt tolerant trees and halophyte grasses in severely salt affected areas, in 
addition planting fast growing trees in recharge zones for preventing salinization. 
Although many projects have been conducted in Phra Yun district, few reports dealt 
with the effects of the projects implemented on eliminating salinization or current 
situation of salt accumulation. 
After many researches and 18 development projects had been implemented in 
the study area, the current situation of soil chemical properties in Eucalyptus 
(Eucalyptus camaldulensis) and Acacia (Acacia ampliceps) reforested and adjacent 
bare areas were investigated. Soil profile surveys were conducted and soil samples 
were also collected to analyze their physical and chemical properties. EC1:5, sodium 
and calcium concentrations of soils in the reforested areas were significantly smaller 
than that in adjacent bare areas at 99% or 95%. EC1:5 in the top soil of Eucalyptus 
reforested area was the lowest at 0.01985 mS/cm and the highest was the top soil of 
bare area adjacent to Eucalyptus at 20.00 mS/cm. The lowest sodium concentration 
was observed in the top soil of Eucalyptus reforested area at 1.84 mg/kg and the 
highest was the top soil of bare area adjacent to Eucalyptus at 21,447.86 mg/kg. The 
lowest calcium concentration was also observed in the top soil of Eucalyptus 
reforested area at 10.10 mg/kg and the highest was the top soil of bare area adjacent 
to Acacia at 1,926.84 mg/kg. In addition, total nitrogen and total phosphorus 
concentrations of soils between reforested and adjacent bare areas were significantly 
different at either 95% or 99%. The highest total nitrogen concentration at 522.89 
mg/kg was found in the top soil of Acacia reforested area. The total phosphorus 
concentrations found in the 4 areas were relatively low between 0.670 and 6.64 
mg/kg. It was clearly observed that the reforested areas of Eucalyptus and Acacia 
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tended to be lower in electrical conductivity, sodium and calcium concentrations than 
that of adjacent bare areas. Based on the results of this chapter, it was concluded that 
the degrees of salt accumulation were still severe especially in the bare areas, 
although many researches and development projects had been implemented in the 
study area. In addition, it was confirmed that reforestation is an efficient way to 
rehabilitate salt affected soils, as EC1:5, sodium and calcium concentrations of soils in 
the reforested areas were significantly lower than that in adjacent bare areas. 
Low economical return is main constraint that makes farmers not grow more 
trees in salt affected areas. So, research interest was paid to the applicable agro-
forestry system combining advantages of trees and crops for rehabilitating salt 
affected soils and increasing local farmers’ income. Accordingly, existing agro-
forestry systems in salt affected and non-salt affected areas in Khon Kaen province 
were investigated and evaluated. For the evaluation, the plant profile of each system 
was described in the investigation plot at 20 m x 20 m. In addition, Simpson and 
Shannon indexes were used to evaluate plant diversity of each investigation plot.  
Agro-forestry systems on salt affected areas can be categorized into five 
types; patch forests in farmlands, trees on paddy bunds, tree plantations associated 
with animal husbandry, home gardens and trees in vegetable gardens. On the other 
hand, agro-forestry systems in non-salt affected areas can be categorized into seven 
types; trees in farm boundaries, trees on paddy bunds, tree plantations associated 
with animal husbandry, trees in home gardens, trees in vegetable gardens, trees in 
fruit orchards and trees and aquaculture. The results of the two indexes revealed that 
the diversity of plants in agro-forestry systems in non-salt affected areas was higher 
than that in salt affected areas, except in the systems of tree plantations associated 
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with animal husbandry and of trees in home gardens. It was considered that as the 
plant diversity in salt affected areas was lower than that in non-salt affected areas due 
to soil salinity, local people in salt affected areas keep higher plant diversity in the 
systems of tree plantations associated with animal husbandry and of trees in home 
gardens for their livelihoods. 
One of the agro-forestry systems found in the study area was tree plantations 
associated with animal husbandry. Using space between trees of Eucalyptus and 
Acacia in plantation, salt tolerant and halophyte vegetables including Chinese kale 
(Brassica oleracea var. alboglabra), tomato (Solanum lycopersicum) and purslane 
(Portulaca oleracea) were grown for 20 days within Eucalyptus and Acacia 
plantation areas during rainy and dry seasons. For comparison, salt tolerant and 
halophyte vegetables were grown in adjacent bare areas as well. The results of 
growing vegetables in rainy season showed a significant difference at 99% in crop 
yield and survival rate between plantation and adjacent bare areas. The highest yields 
and survival rates were found in both the plantation areas of Eucalyptus and Acacia. 
The survival rates of Chinese kale, tomato and purslane grown in the Eucalyptus 
plantation area were 87.5%, 100.0% and 95.8%, respectively. In the bare area 
adjacent to Eucalyptus, only purslane could survive at 33.3%. The survival rates of 
Chinese kale, tomato and purslane grown in the Acacia plantation area were 0.0%, 
75.0% and 100.0%, respectively. However, the vegetables grown in the bare area 
adjacent to Acacia could not survive. The yields of Chinese kale, tomato and 
purslane grown in the Eucalyptus plantation area were 441.3 g/10 m
2
, 954.2 g/10 m
2
 
and 1998.8 g/10 m
2
, respectively. The yield of purslane grown in the bare area 
adjacent to Eucalyptus was 228.8 g/10 m
2
. Also, the yield of tomato grown in the 
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Acacia plantation area was 390.6 g/10 m
2
, and of purslane was 350.3 g/10 m
2
. 
Accordingly, it was concluded that the growth of salt tolerant and halophyte 
vegetables including Chinese kale, tomato and purslane were the best in the 
Eucalyptus plantation area during rainy season. 
In addition, the values of EC1:5, sodium and calcium concentrations of soils in 
vegetable fields were measured before growing, 10 days and 20 days after growing 
vegetables. The results revealed that in the dry season EC1:5, sodium and calcium 
concentrations in every field at 10 days passed drastically decreased from the planted 
day due to heavy rainfalls on the 7th, 8th and 9th days. However, EC1:5, sodium and 
calcium concentrations in every field increased sharply after the 10th day till the 
harvested day. Although sodium concentrations of Chinese kale, tomato and purslane 
grown for 20 days were in the ranges of 21.0 to 22.8 mg/kg, 4.3 to 21.8 mg/kg and 
28.0 to 56.5 mg/kg, respectively, these amounts of sodium absorbed were remarkably 
smaller than that of changes in soil sodium concentrations ranged from 733 mg/kg to 
19,700 mg/kg. Accordingly, it was evaluated that the amounts of sodium absorbed by 
salt tolerant and halophyte vegetables were negligible compared to sodium amounts 
transported by vertical soil water movement. So, it was hard to rehabilitate salt 
affected soils with cultivating salt tolerant and halophyte vegetables.  
However, it may be concluded that growing vegetables in Eucalyptus 
plantation area in rainy season is the best to get higher yields and survival rates. 
Agro-forestry system that combined fast growing trees with salt tolerant or halophyte 
vegetables can be introduced to local people in the study area to promote 
reforestation as well as to increase their income. 
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Although many researches and development projects have been implemented 
in northeastern Thailand, few reports dealt with the effects of the projects 
implemented on eliminating salinization or current situation of salt accumulation. So 
in this study, chemical properties were investigated through soil profile surveys in 
reforested and adjacent bare areas in Phra Yun district, Khon Kaen Province. It was 
confirmed that the degrees of salt accumulation were still severe especially in the 
bare areas. In addition, the values of EC1:5, sodium and calcium concentrations of 
soils in reforested areas of Eucalyptus and Acacia were significantly smaller than that 
of soils in adjacent bare areas. So, it was considered that reforestation is an effective 
way to rehabilitate salt affected soils, but low economical return is constraint that 
makes villagers not grow more trees in salt affected areas. Accordingly, attention has 
been paid to agro-forestry system that combined fast growing trees with salt tolerant 
or halophyte vegetables.  
According to the results on the investigation and evaluation of existing agro-
forestry systems based on the plant diversity indexes in northeastern Thailand, the 
diversity of plants in agro-forestry systems in salt affected areas was lower than that 
in non-salt affected areas. It was observed that local people in salt affected areas keep 
higher plant diversity in the systems of tree plantations associated with animal 
husbandry and of trees in home gardens for their livelihoods.  
In the agro-forestry system of tree plantations associated with animal 
husbandry, salt tolerant and halophyte vegetables including Chinese kale, tomato and 
purslane were grown in Eucalyptus and Acacia plantation areas as well as adjacent 
bare areas during rainy and dry seasons. The results showed that growing vegetables 
in Eucalyptus plantation area in rainy season was the best to get the higher yields and 
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survival rates. In addition, the results observed sodium concentrations of soils as well 
as salt tolerant and halophyte vegetables indicated that the amounts of sodium 
absorbed by salt tolerant and halophyte vegetables were negligible compared to 
sodium amounts transported by vertical soil water movement. So, it was hard to 
rehabilitate salt affected soils with cultivating salt tolerant and halophyte vegetables. 
However, it may be concluded that growing vegetables in Eucalyptus plantation area 
in rainy season was the best to get higher yields and survival rates. Agro-forestry 
system that combined fast growing trees with salt tolerant or halophyte vegetables 
can be introduced to local people in the study area to promote reforestation as well as 
to increase their income. 
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Average annual precipitation in Thailand from 1987 – 2004 (Fig. 1-2) 
Year Annual rainfall of Thailand (mm.) 
Year 1987 1,578.71 
Year 1988 1,884.16 
Year 1989 1,493.11 
Year 1990 1,563.93 
Year 1991 1,527.84 
Year 1992 1,421.14 
Year 1993 1,567.38 
Year 1994 1,762.57 
Year 1995 1,686.50 
Year 1996 1,734.30 
Year 1997 1,432.30 
Year 1998 1,505.40 
Year 1999 1,829.60 
Year 2000 1,813.00 
Year 2001 1,707.30 
Year 2002 1,607.90 
Year 2003 1,525.90 
Year 2004 1,438.30 
 
Salt affected areas in Thailand (Fig. 1-3) 
Region Area (hectare) 
Northeast 2,848,000.00 
East and south 368,000.00 
Central 176,000 
Total 3,392,000.00 
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Electrical conductivity values (EC1:5) of soils in 4 areas (Fig. 3-3) 
Area Dept EC (1:5) mS/cm 
Eucalyptus area 
0 - 40 0.02 
40 - 45 0.01 
45 - 100 0.01 
Bare area adjacent to 
Eucalyptus area 
0 - 10 20.00 
10-25 3.66 
25-34 2.93 
34-44 1.69 
44 - 100 1.02 
Acacia area 
0 - 10 3.12 
21 - 80 1.75 
Bare area adjacent to 
Acacia area 
0 - 15 11.08 
15 - 22 3.88 
22 - 70 1.35 
 
Sodium concentration and calcium concentration of soils in 4 areas (Fig. 3-4) 
Area Dept (cm.) 
Sodium 
concentration 
(mg/kg) 
Calcium 
concentration 
(mg/kg) 
Eucalyptus area 
0 - 40 1.85 10.10 
40 - 45 0.94 7.23 
45 - 100 0.88 3.98 
Bare area adjacent 
to Eucalyptus area 
0 - 10 21,447.86 1,816.15 
10-25 2,871.25 356.31 
25-34 3,217.18 473.93 
34-44 1,276.49 153.94 
44 - 100 1,134.66 151.17 
Acacia area 
0 - 10 2,020.25 188.18 
21 - 80 1,535.94 93.74 
Bare area adjacent 
to Acacia area 
0 - 15 5,327.37 1,926.85 
15 - 22 3,909.04 491.22 
22 - 70 1,477.13 97.89 
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Total nitrogen concentration and total phosphorus concentration of soils in 4 
areas (Fig. 3-5) 
Area Dept (cm.) 
Total nitrogen 
(mg/kg) 
Total phosphorus 
(mg/kg) 
Eucalyptus area 
0 - 40 229.80 1.24 
40 - 45 148.43 1.10 
45 - 100 105.80 0.73 
Bare area adjacent to 
Eucalyptus area 
0 - 10 221.72 6.64 
10-25 29.13 2.55 
25-34 54.61 1.13 
34-44 35.91 1.49 
44 - 100 39.55 2.24 
Acacia area 
0 - 10 522.89 3.75 
21 - 80 46.72 1.33 
Bare area adjacent to 
Acacia area 
0 - 15 61.11 0.68 
15 - 22 108.97 0.90 
22 - 70 94.18 1.59 
 
Number and varieties of plants in patch forests in farmland (Fig. 4-2) 
Plant species Number of plants 
1. Sindora siamensis  11 
2. Dipterocarpus obtusifolius 4 
3. Xylia xylocarpa 2 
4. Lannea coromandelica 3 
Total 20 
 
Number and varieties of plants on paddy bunds (Fig. 4-3) 
Plant species Number of plants 
1. Shorea obtusa  3 
2. Oryza sativa 6,400 
Total 6,403 
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Number and varieties of plants in trees plantations associated with animal 
husbandry (Fig. 4-4) 
Plant species Number of plants 
1. Eucalyptus camaldulensis 60 
2. Tectona grandis 3 
3. Pterocarpus macrocarpus  1 
Total 64 
 
Number and varieties of plants in home gardens (Fig. 4-5) 
Plant species Number of plants 
1. Bambusa bambos  1 
2. Thyrsostachys siamensis 1 
3. Sindora siamensis 2 
4. Azadirachta indica  3 
5. Annona squamosa 4 
6. Anthocephalus chinensis 13 
7. Pennisetum purpureum  uncountable 
Total 24 
 
Number and varieties of plants in vegetable gardens (Fig. 4-6) 
Plant species Number of plants 
1. Mangifera indica  3 
2. Cocos nucifera  1 
3. Musa sapientum 1 
4. Anthocephalus chinensis 2 
5. Capsicum frutescens 50 
6. Ocimum canum 80 
7. Vigna unguiculata 24 
8. Cucurbita moschata  12 
Total 173 
 
Number and varieties of plants on farm boundary (Fig. 4-7) 
Plant species Number of plants 
1. Pterocarpus macrocarpus  4 
2. Saccharum officinarum  200 
Total 204 
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Number and varieties of plants on paddy bunds (Fig. 4-8) 
Plant species Number of plants 
1. Eucalyptus camaldulensis 7 
2. Azadirachta indica  1 
3. Oryza sativa 6,400 
Total 6,408 
 
Number and varieties of plants in trees plantations associated with animal 
husbandry (Fig. 4-9) 
Plant species Number of plants 
1. Eucalyptus camaldulensis  49 
Total 49 
 
Number and varieties of plants in home gardens (Fig. 4-10) 
Plant species Number of plants 
1. Bambusa bambos 1 
2. Cocos nucifera  4 
3. Musa sapientum   2 
4. Cyperus alternifolius  2,240 
Total 2,247 
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Number and varieties of plants in vegetable gardens (Fig. 4-11) 
Plant species Number of plants 
1. Mangifera indica  2 
2. Sesbania grandiflora  1 
3. Acacia auriculiformis  1 
4. Saccharum officinarum  3 
5. Moringa oleifera  2 
6. Sauropus androgynus  3 
7. Averrhoa carambola  1 
8. Luffa acutangula  12 
9. Brassica alboglabra  100 
10. Brassica chinensis  100 
11. Allium sp.  200 
12. Solanum xanthocarpum  24 
13. Capsicum frutescens  48 
14. Tagetes erecta  40 
15. Coriandrum sativum  100 
16. Lycopersicon esculentum  40 
17. Carica papaya  6 
18. Musa acuminata  3 
Total 686 
 
Number and varieties of plants in fruit orchard (Fig. 4-12) 
Plant species Number of plants 
1. Pterocarpus macrocarpus 1 
2. Bambusa bambos 1 
3. Mangifera indica 6 
4. Tamarindus indica  3 
5. Dimocarpus longan  2 
6. Annona squamosa 5 
Total 18 
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Number and varieties of plants and aquaculture (Fig. 4-13) 
Plant species Number of plants 
1. Pterocarpus macrocarpus  1 
2. Mangifera indica  2 
3. Azadirachta indica  1 
4. Borassus flabellifer  1 
5. Leucaena leucocephala  2 
6. Erythophleum succirubrum  1 
Total 8 
 
Agro-forestry systems in salt affected and non salt affected areas (Fig. 4-14) 
Agro-forestry practice 
Salt affected area Non salt affected area 
1. Patch forests in farmland 1. Trees on farm boundary 
2. Trees on paddy bunds 2. Trees on paddy bund 
3. Trees plantation associated with animal 
husbandry 
3. Trees plantation associated with animal  
husbandry 
4. Trees in home garden 4. Trees in home garden 
5. Trees in vegetable garden 5. Trees in vegetable garden 
 6. Trees in fruit orchard 
  7. Trees and aquaculture 
 
Total plant species found in agro-forestry systems in salt affected and non salt 
affected areas (Fig. 4-15) 
Area 
Total plant species found in agro-forestry 
systems 
Salt affected area 24 
Non salt affected area 40 
Total 64 
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Total number of plant found in agro-forestry systems in salt affected and non 
salt affected areas (Fig. 4-16) 
Area 
Total number of plants found in  
agro-forestry systems 
Salt affected area 6,684 
Non salt affected area 9,618 
Total 16,302 
 
Survival rate of vegetables grown in Eucalyptus plantation and adjacent bare 
area (rainy season) (Fig. 5-6) 
Vegetable 
Grown in Eucalyptus 
plantation (%) 
Grown in adjacent bare 
area (%) 
Chinese kale 87.5 0 
Tomato 100 0 
Purslane 95.83 33.33 
 
Survival rate of vegetables grown in Acacia plantation and adjacent bare area 
(rainy season) (Fig. 5-7) 
Vegetable 
Grown in Acacia plantation 
(%) 
Grown in adjacent bare area 
(%) 
Chinese kale 0 0 
Tomato 75 0 
Purslane 100 0 
 
Harvest yield of vegetables grown in Eucalyptus plantation and adjacent bare 
area (rainy season) (Fig. 5-8) 
Vegetable 
Grown in Eucalyptus 
plantation (g/10 m
2
) 
Grown in adjacent bare 
area (g/10 m
2
) 
Chinese kale 441.3 0 
Tomato 954.2 0 
Purslane 1,998.8 228.8 
 
139 
 
Harvest yield of vegetables grown in Acacia plantation and adjacent bare area 
(rainy season) (Fig. 5-9) 
Vegetable 
Grown in Acacia plantation 
(g/10 m
2
) 
Grown in adjacent bare 
area (g/10 m
2
) 
Chinese kale 0 0 
Tomato 390.6 0 
Purslane 350.3 0 
 
Sodium concentrations in vegetables grown in Eucalyptus plantation (rainy 
season) (Fig. 5-10) 
Vegetable Sodium concentration (mg/kg) 
Chinese kale 22.75 
Tomato 4.31 
Purslane 28.08 
 
Sodium concentrations in vegetables grown in bare area adjacent to Eucalyptus 
plantation (rainy season) (Fig. 5-11) 
Vegetable Sodium concentration (mg/kg) 
Chinese kale 0 
Tomato 0 
Purslane 38.56 
 
Sodium concentrations in vegetables grown in Acacia plantation (rainy season) 
(Fig. 5-12) 
Vegetable Sodium concentration (mg/kg) 
Chinese kale 0 
Tomato 21.73 
Purslane 35.06 
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EC1:5 values of soils in Chinese kale ridges grown in 4 plots (rainy season)  
(Fig. 5-13) 
Area of growing 
EC1:5 values 
Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Grown in Eucalyptus plantation 0.06 0.03 0.08 
Grown in bare area adjacent to 
Eucalyptus 
2.59 0.07 0.04 
Grown in Acacia plantation 2.17 0.64 0.61 
Grown in bare area adjacent to Acacia 7.10 1.69 1.77 
 
EC1:5 values of soils in tomato ridges grown in 4 plots (rainy season) (Fig. 5-14) 
Area of growing 
EC1:5 values 
Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Grown in Eucalyptus plantation 0.05 0.04 0.07 
Grown in bare area adjacent to 
Eucalyptus 
2.98 0.14 0.39 
Grown in Acacia plantation 2.04 0.13 0.04 
Grown in bare area adjacent to Acacia 6.42 0.74 0.84 
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EC1:5 values of soils in purslane ridges grown in 4 plots (rainy season)  
(Fig. 5-15) 
Area of growing 
EC1:5 values 
Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Grown in Eucalyptus plantation 0.05 0.05 0.07 
Grown in bare area adjacent to 
Eucalyptus 
2.10 0.10 0.02 
Grown in Acacia plantation 1.08 0.80 0.35 
Grown in bare area adjacent to Acacia 8.10 1.48 0.91 
 
Sodium concentration of soils in Chinese kale ridges grown in 4 plots (rainy 
season) (Fig. 5-16) 
Area of growing 
Sodium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 1,100.00 209.00 69.00 
Grown in bare area adjacent to 
Eucalyptus 
3,300.00 740.00 98.33 
Grown in Acacia plantation 3,633.33 3,033.33 1,316.67 
Grown in bare area adjacent to 
Acacia 
2,200.00 4,233.33 3,033.33 
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Sodium concentration of soils in tomato ridges grown in 4 plots (rainy season) 
(Fig. 5-17) 
Area of growing 
Sodium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 983.33 225.00 92.33 
Grown in bare area adjacent to 
Eucalyptus 
7,033.33 1,310.00 760.00 
Grown in Acacia plantation 2,200.00 800.00 159.33 
Grown in bare area adjacent to 
Acacia 
2,366.67 3,100.00 2,300.00 
 
Sodium concentration of soils in purslane ridges grown in 4 plots (rainy season) 
(Fig. 5-18) 
Area of growing 
Sodium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus 
plantation 
843.33 217.67 72.33 
Grown in bare area adjacent to 
Eucalyptus 
2,400.00 546.66 58.33 
Grown in Acacia plantation 2,966.66 3,266.67 683.33 
Grown in bare area adjacent to 
Acacia 
3,500.00 3,600.00 2,266.67 
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Calcium concentration of soils in Chinese kale ridges grown in 4 plots (rainy 
season) (Fig. 5-19) 
Area of growing 
Calcium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days (mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 132.67 28.67 69.00 
Grown in bare area adjacent to 
Eucalyptus 
85.33 136.00 34.00 
Grown in Acacia plantation 380.00 64.33 73.00 
Grown in bare area adjacent to 
Acacia 
673.33 107.00 174.33 
 
Calcium concentration of soils in tomato ridges grown in 4 plots (rainy season) 
(Fig. 5-20) 
Area of growing 
Calcium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 97.00 39.33 61.33 
Grown in bare area adjacent to 
Eucalyptus 
1,010.00 126.33 46.67 
Grown in Acacia plantation 68.00 36.00 22.67 
Grown in bare area adjacent to 
Acacia 
813.33 62.00 86.33 
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Calcium concentration of soils in purslane ridges grown in 4 plots (rainy season) 
(Fig. 5-21) 
Area of growing 
Calcium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 116.66 40.00 53.67 
Grown in bare area adjacent to 
Eucalyptus 
473.33 122.00 21.00 
Grown in Acacia plantation 400.00 80.33 71.00 
Grown in bare area adjacent to 
Acacia 
1,260.00 111.00 94.33 
 
Precipitation during field experiment from August 17 to September 5, 2012 
(rainy season) (Fig. 5-22) 
Date Rain fall (mm) 
August 17 0.1 
August 18 0 
August 19 4.8 
August 20 0 
August 21 0 
August 22 3 
August 23 0 
August 24 54.7 
August 25 0.2 
August 26 10.4 
August 27 0 
August 28 21.3 
August 29 0.4 
August 30 0 
August 31 32.9 
September 1 0 
September 2 2.1 
September 3 48.3 
September 4 20.3 
September 5 0.2 
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Survival rate of vegetables grown in Eucalyptus plantation and adjacent bare 
area (dry season) (Fig. 5-23) 
Vegetable 
Grown in Eucalyptus 
plantation (%) 
Grown in adjacent 
bare area (%) 
Chinese kale 0.00 0.00 
Tomato 0.00 0.00 
Purslane 100.00 0.00 
 
Yield of vegetables grown in Eucalyptus plantation and adjacent bare area (dry 
season) (Fig. 5-24) 
Vegetable 
Grown in Eucalyptus 
plantation (g/10 m
2
) 
Grown in adjacent 
bare area (g/10 m
2
) 
Chinese kale 0.00 0.00 
Tomato 0.00 0.00 
Purslane 676.79 0.00 
 
Sodium concentrations in vegetables grown in Eucalyptus plantation (dry 
season) (Fig. 5-25) 
Vegetable Sodium concentration (mg/kg) 
Chinese kale 0.00 
Tomato 0.00 
Purslane 56.46 
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EC1:5 values of soils in Chinese kale ridges grown in 4 plots (dry season)  
(Fig. 5-26) 
Area of growing 
EC1:5 values 
Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Grown in Eucalyptus plantation 0.08 0.07 0.09 
Grown in bare area adjacent to 
Eucalyptus 
19.45 3.50 4.09 
Grown in Acacia plantation 2.45 1.3 2.9 
Grown in bare area adjacent to 
Acacia 
17.73 5.84 14.14 
 
EC1:5 values of soils in tomato ridges grown in 4 plots (dry season)  
(Fig. 5-27) 
Area of growing 
EC1:5 values 
Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Grown in Eucalyptus plantation 0.09 0.06 0.09 
Grown in bare area adjacent to 
Eucalyptus 
30.13 4.27 6.77 
Grown in Acacia plantation 6.99 2.37 3.74 
Grown in bare area adjacent to 
Acacia 
14.37 6.72 11.38 
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EC1:5 values of soils in purslane ridges grown in 4 plots (dry season)  
(Fig. 5-28) 
Area of growing 
EC1:5 values 
Before growing 
(mS/cm) 
10 days 
(mS/cm) 
20 days 
(mS/cm) 
Grown in Eucalyptus plantation 0.09 0.06 0.09 
Grown in bare area adjacent to 
Eucalyptus 
18.73 4.14 7.25 
Grown in Acacia plantation 4.92 2.45 3.89 
Grown in bare area adjacent to 
Acacia 
22.27 7.12 10.32 
 
Sodium concentration of soils in Chinese kale ridges grown in 4 plots (dry 
season) (Fig. 5-29) 
Area of growing 
Sodium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 76.96 72.97 90.30 
Grown in bare area adjacent to 
Eucalyptus 
35,570.00 14,400.00 15,400.00 
Grown in Acacia plantation 10,166.67 2,333.33 10,166.67 
Grown in bare area adjacent to 
Acacia 
34,800.00 16,966.67 39,666.67 
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Sodium concentration of soils in tomato ridges grown in 4 plots (dry season) 
(Fig. 5-30) 
Area of growing 
Sodium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 82.50 67.83 85.93 
Grown in bare area adjacent to 
Eucalyptus 
51,780.00 21,366.67 22,866.67 
Grown in Acacia plantation 24,800.00 5,533.33 13,566.67 
Grown in bare area adjacent to 
Acacia 
30,533.33 20,666.67 32,966.67 
 
Sodium concentration of soils in purslane ridges grown in 4 plots (dry season) 
(Fig. 5-31) 
Area of growing 
Sodium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 89.53 76.20 83.53 
Grown in bare area adjacent to 
Eucalyptus 
40,633.33 19,733.33 23,566.67 
Grown in Acacia plantation 25,000.00 7,466.67 14,300.00 
Grown in bare area adjacent to 
Acacia 
40,600.00 20,900.00 31,200.00 
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Calcium concentration of soils in Chinese kale ridges grown in 4 plots (dry 
season) (Fig. 5-32) 
Area of growing 
Calcium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 131.33 61.00 72.33 
Grown in bare area adjacent to 
Eucalyptus 
2,870.00 910.00 923.33 
Grown in Acacia plantation 756.67 223.33 596.67 
Grown in bare area adjacent to 
Acacia 
2,546.67 840.00 2,976.67 
 
Calcium concentration of soils in tomato ridges grown in 4 plots (dry season) 
(Fig. 5-33) 
Area of growing 
Calcium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days 
(mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 95.33 57.00 55.67 
Grown in bare area adjacent to 
Eucalyptus 
4,693.33 1,310.00 1,356.67 
Grown in Acacia plantation 1,730.00 380.00 696.67 
Grown in bare area adjacent to 
Acacia 
1,410.00 1,220.00 2,506.67 
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Calcium concentration of soils in purslane ridges grown in 4 plots (dry season) 
(Fig. 5-34) 
Area of growing 
Calcium concentration (mg/kg) 
Before growing 
(mg/kg) 
10 days (mg/kg) 
20 days 
(mg/kg) 
Grown in Eucalyptus plantation 103.33 64.33 61.00 
Grown in bare area adjacent to 
Eucalyptus 
3,783.33 1,196.67 1,403.33 
Grown in Acacia plantation 1,586.67 560.00 776.67 
Grown in bare area adjacent to 
Acacia 
3,123.33 1,253.33 2,333.33 
 
Precipitation during field experiment from February 24 to March 15, 2012 (dry 
season) (Fig. 5-35) 
Date Rain fall (mm) 
February 24 0 
February 25 0 
February 26 0 
February 27 0 
February 28 0 
March 1 0 
March 2 38.6 
March 3 63.5 
March 4 5.2 
March 5 0 
March 6 0 
March 7 0 
March 8 0 
March 9 0 
March 10 0 
March 11 0 
March 12 0 
March 13 0 
March 14 0 
March 15 0 
 
